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PREFACE  TO   THE  FIFTH  EDITION. 


A  FIFTH  EDITION  of  this  treatise  is  called  for^  but  I  find  it  necessary 
to  add  comparatively  little.  The  few  pages,  however,  that  have  been 
inserted  in  Chapter  VII.  (division  of  Electro-Therapeutics),  on  the 
"Induction  Coil:  Its  Varieties,  and  the  Differential  Indications  for 
their  Use,"  are  important  and  worthy  of  careful  consideration. 

While  none  of  the  facts  in  physics  there  presented  can  be  said  to  be 
new,  yet  there  has  been  no  general  appreciation  of  them,  and  but  little 
knowledge  that  such  facts  existed,  even  among  those  who  have  been 
endeavoring,  in  a  blind  sort  of  way,  to  utilize  them.  As  to  the  few  state- 
ments that  are  made  along  the  line  of  therapeutics,  the  most  that  I 
can  say  of  them  is  that  they  are  the  result  of  much  experience  and 
of  very  many  carefully  recorded  observations.  If  presented  with  any 
measure  of  clearness,  they  should  be  of  service  to  those  who  are  in- 
terested in,  but  have  given  little  thought  to,  the  matter.  These  addi- 
tions, together  with  a  brief  discussion  of  the  subject  of  chronic  pelvic 
cellulitis  in  its  relation  to  electricity,  and  a  description  of  the  method 
for  the  permanent  removal  of  superfluous  hairs,  comprise  most  that  is 
important ;  and  a  new  edition  is  again  offered  to  the  profession  in 
the  belief  that,  aside  from  that  considerable  portion  original  with  the 
authors  and  peculiar  to  this  work,  it  also  comprehends  all  else  of 
real  value  pertaining  to  the  subject. 

A.  D.  ROCKWELL. 
46  East  Thirty-first  Street,  New  York. 


PREFACE  TO   THE   FOURTH   EDITION. 


It  is  with  much  satisfaction  that  Dr.  Rockwell  offers  to  the  profession 
a  fourth  revised  edition  of  this  work.  When,  with  the  late  Dr.  George 
M.  Beard,  he  first  sent  it  forth  upon  its  mission,  a  pioneer  in  a  neg- 
lected and  perhaps  despised  department  of  medicine,  it  was,  both  on 
the  part  of  authors  and  publishers,  with  some  misgivings  as  to  its  suc- 
cess. While  the  measure  of  its  merits  as  a  guide  in  the  department  of 
which  it  treats  may  fall  far  below  the  generous  reception  accorded  to 
it,  both  at  home  and  abroad,  the  fact  that  each  successive  edition  has 
been  exhausted  more  rapidly  than  its  predecessor,  notwithstanding  the 
widening  literature  of  the  subject,  affords  ample  encouragement  for 
further  revision. 

The  chapter  on  Franklinic  Electricity  has  been  entirely  rewritten. 
This  was  rendered  necessary  by  the  many  improvements  in  apparatus 
and  appliances,  and  its  great  value  as  an  adjunct  or  supplement  to 
dynamic  electricity.  But  perhaps  the  most  important  of  the  new  mat- 
ter that  has  been  introduced  relates  to  the  experience  of  the  author  in 
the  treatment  of  Extra-Uterine  Pregnancy. 

Formerly,  as  is  well  known,  these  cases  resulted  either  in  immediate 
death,  through  rupture  of  the  distended  tube,  or  in  protracted  suffering, 
with  frequently  a  fatal  ending,  through  the  efforts  of  nature  to  rid  itself 
of  the  foetal  mass.  The  only  other  alternative  was  the  knife,  with  its 
attendant  dangers.  By  the  method  described,  however,  and  used  with 
such  complete  success  in  every  instance,  this  abnormality  of  pregnancy 
need  not  in  the  future  be  regarded  as  such  a  dreaded  complication  as 
it  has  been  in  the  past. 

Extra-Uterine  Pregnancy  is  doubtless  more  frequent  than  is  generally 
supposed,  and  because  of  the  difficulty  of  an  early  diagnosis,  death  fre- 
quently occurs  without  any  previous  knowledge  of  the  existing  condi- 
tion of  affairs.  It  behooves,  therefore,  every  practitioner  to  be  on  the 
alert  for  this  condition  in  its  earlier  stages,  when  this  method  of  treat- 
ment is  so  efficacious. 


PREFACE  TO  THE  THIRD  EDITION.  ' 


In  issuing  a  third  edition  of  this  work  I  have  endeavored  to  make 
such  additions  as  seemed  necessary,  and  at  the  same  time  avoid  an 
increase  in  size.  This  has  been  accomplished  by  condensing  wherever 
possible,  and  omitting  portions  here  and  there  which  have  served  their 
pun>ose  and  are  no  longer  of  value.  Two  new  chapters  on  the  Sequelae 
of  Acute  Diseases  and  on  Exophthalmic  Goitre,  respectively,  have  been 
inserted,  while  several  pages  in  the  discussion  of  Electro-diagnosis  have 
been  omitted,  and  the  space  occupied  by  later  and  more  exact  infor- 
mation. The  chapter  on  Diseases  of  Women  has  been  revised,  and 
the  clinical  additions  will  be  found  interesting  and  suggestive,  while  in 
the  discussion  of  Midwifery  the  complication  of  Extra-Uterine  Preg- 
nancy is  fully  considered. 

These,  together  with  many  other  changes  and  brief  additions 
throughout  the  work,  have,  it  is  believed,  materially  enhanced  its 
practical  value. 

The  position  of  electricity  in  the  front  rank  of  sedatives  and  tonics, 
and  the  pre-eminent  value  of  the  methods  of  general  faradization  and 
central  galvanization,  as  means  of  obtaining  the  full  measure  of  these 
effects  (claims  in  regard  to  which  the  authors  of  this  work  once  stood 
alone),  have  now  been  so  long  confirmed  by  expert  observation  in  this 
country  an^  Germany  that  extensive  demonstration  of  these  propo- 
sitions by  cases  is  less  needed  than  formerly. 

In  regard  to  the  theory  of  Dr.  Thomas  W.  Poole,  of  Lindsay, 
Canada,  that  electricity  is  essentially  a  paralyzing  agent,  and  that  its 
sedative  and  tonic  effects  are  due  to  its  paralyzing  ])ower,  this  may  be 
said  :  That,  granting  for  a  moment  the  full  claim,  it  yet  remains,  that 
practically,  we  do  obtain  from  the  use  of  electricity  sedative  and  tonic 
effects  similar  to  those  which  we  obtain  from  a  vast  number  of  other 
remedial  agencies.     Allowing  that  these  effects  are  resultants  of  a 
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paralyzing  influence  it  is  none  the  less  justifiable,  on  scientific  and 
practical  grounds,  to  use  the  terms  sedative  and  tonic. 

The  final  rationale  of  no  work  or  remedial  force  of  any  kind  is  com- 
pletely known  to  science,  and,  for  practical  uses,  it  is  not  necessary 
that  it  should  be  ;  we,  perhaps,  know  as  much  of  the  rationale  of  elec- 
tricity as  of  any  agent  that  we  use  for  the  cure  of  disease. 

The  more  thoroughly  one  studies  electro-therapeutics  in  all  its  re- 
lations, medical  and  surgical,  the  clearer  it  becomes  that  the  real 
scientific  basis  for  the  use  of  electricity  in  medicine  and  surgery  is 
found  in  electro-physics  more  than  in  electro-physiology  ;  and  for  that 
reason  it  did  not  seem  wise  to  very  much  abbreviate  the  portion  of 
this  work  allotted  to  that  department.  The  rationale  of  general  fara- 
dization and  central  galvanization,  for  example,  can  only  be  under- 
stood by  those  who  have  grasped  the  elementary  principles  of  electro- 
physics,  the  laws  of  resistance  and  conductibility,  and,  above  all,  the 
law  of  Ohm,  to  which  we  have  assigned  a  special  chapter.  Those  who 
have  been  once  well  grounded  in  these  laws  of  electro-physics  find  that 
the  various  special  problems  that  arise,  whether  of  a  theoretical  or 
practical  character,  very  quickly  resolve  themselves. 

Now  that  electricity  has  become  popular  in  medicine,  there  is,  in 
some  quarters,  a  temptation  to  overdo  the  application,  not  only  in 
strength  but  in  length  and  frequency  ;  to  treat  all  cases  alike  by  rou- 
tine, mechanical  applications,  regardless  either  of  the  disease  or  the 
idiosyncrasies  of  the  patient ;  hence,  in  cases  not  a  few,  come  results 
either  negatively  or  temporarily  injurious,  with  disappointment  on  all 
sides. 

The  dosage  of  electricity  is  a  special  study  of  the  greatest  practical 
importance  ;  the  difference  in  result  between  a  very  gentle  and  short 
application  and  a  very  strong  and  protracted  one  being,  in  some  cases, 
all  the  difference  between  agreeable  success  and  painful  failure. 

There  are  persons  who  must  be  treated  not  only  mildly  but  at  long 
intervals,  and  there  are  persons  with,  perhaps,  the  same  maladies  that 
can  bear  with  advantage  powerful  and  frequent  applications ;  to  dis- 
tinguish between  these  classes  and  the  various  gradations  that  lie  be- 
tween the  extremes  of  tolerance  and  of  susceptibility  is  the  first  duty, 
and,  oftentimes,  the  hardest  study  of  him  who  makes  much  use  ot 
electricity  in  medicine. 


PREFACE   TO   THE   SECOND   EDITION. 


A  FEW  weeks  after  the  publication  of  the  first  edition  of  this  work,  in 
1871,  we  were  informed  by  the  publishers  that  a  new  edition  would  be 
called  for.  From  that  time  to  the  present  monjent  much  force  has 
been  expended  on  the  thorough  revision  of  the  work  in  all  its  depart- 
ments. As  much  time  and  toil,  it  is  safe  to  sa)%  have  been  given  to  this 
edition  as  to  the  first  ;  and  the  work  as  it  now  stands  represents  our 
accumulated  and  thoroughly  sifted  experience  from  our  eii trance  upon 
this  specialty,  as  well  as  a  full  and  exhaustive  r6smn6  of  all  that  has 
been  accomplished  by  other  authorities  everywhere. 

About  one  year  ago,  while  this  edition  was  in  press,  we  amicably  dis- 
solved tile  professional  association  that  had  existed  for  six  years,  and 
during  which  all  our  writings  on  this  subject  had  appeared.  This  dis- 
solution of  our  business  relations  has  not  affected  the  present  work 
except  so  far  as  to  delay  somewhat  Its  publication* 

The  success  of  the  first  edition  of  this  work  has  far  surpassed  our 
highest  hopes ;  and  our  belief  is  that  it  may  have  done  something  to 
rai^e  the  standard  of  electro-therapeuiics  as  well  as  to  popularize  it. 
More  than  a  year  since,  the  work  was  translated  into  German  by  Dr. 
Voter,  of  Prague,  who  has  confirmed  all  that  we  have  claimed  in  regard 
to  the  efficacy  of  general  electrization,  and  who  has  followed  up  the 
translation  by  a  series  of  elaborate  articles,  didactic  and  clinical,  on 
general  electrization  and  central  galvanization  in  the  Aiigemeim 
li^ener  Zeiiung, 

The  use  of  general  faradization  as  a  constitutional  tonic  in  a 
wide  variety  of  affections  is  now  well  established  and  the  etfects 
that  we  have  claimed  fur  it  have  been  confirmed  in  full  detail  by  com- 
petent observ'crs  at  home  and  abroad.  This  method  of  using  electricity 
■has  also  attained  a  wide  popularity,  and  its  introduction  into  therapeu- 
tics may  be  said  to  have  tnarked  a  radical  and  important  advance. 

Tlie  section  on  Electro-physics  is  much  enlarged.  Observation  has 
convinced  us  that  the  one  great  defect  in  those  who  practise  electro- 
therapeutics is  ignorance  of  tfie  physical  relations  of  electricity.     From 
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this  source  flow  at  least  haT  the  blunders,  discouragements,  and  ill 
success  that  novices  in  this  branch  so  painfully  experience.  The  undu 
latory  theory  of  the  electrical  force  that  is  adopted  in  this  edition  is,  so 
far  as  can  now  be  seen,  consistent  and  harmonious,  and  it  explains 
better  than  any  other  theory  the  varied  and  complex  phenomena  ol 
electro-physiology  and  electro-therapeutics. 

The  chemistry  of  the  batteries,  it  will  be  seen,  is  explained  in  full 
detail,  and  in  accordance  with  recent  chemical  facts  and  nomenclature. 

To  Ohm's  Law,  at  once  so  important  and  so  difficult,  a  separate  and 
special  chapter  has  been  assigned ;  and  no  effort  has  been  spared  to 
make  it  clear  in  all  its  practical  relations  to  all  trained  minds  who  will 
give  it  close  and  careful  attention. 

In  the  preparation  of  the  section  on  Electro-physics  we  have  been 
favored  with  the  advice  and  suggestions  of  a  number  of  our  most  dis- 
tinguished physicists  and  mathematicians ;  and  especially  are  we  indebt- 
ed to  Prof.  Henry  T.  Eddy,  of  Cincinnati,  who  has  interested  himself  in 
the  attempt  here  made  to  put  the  most  recent  theories  and  facts  ol 
electro-physics  in  a  shape  at  once  clear,  compact,  and  trustworthy. 

The  need  of  a  section  of  this  kind  has  been  most  urgent,  for  the 
treatises  on  the  physics  of  electricity  that  have  been  most  accessible 
are  either  far  behind  the  time  or  have  been  expressed  so  blindly 
as  to  be  of  little  value  to  electro-therapeutists.  Even  the  best  of  the 
more  recent  writers  on  the  physics  of  electricity,  as  Fleming  Jenkins, 
and  Latimer  Clarke,  have  not  adapted  their  works  to  the  wants  of  those 
who  use  electricity  in  therapeutics. 

Electro-physiology  is  largely  rewritten  and  considerably  enlarged. 
It  includes  a  large  number  of  our  own  experiments,  mostly  made  dur 
ing  the  past  three  3'ears,  as  well  as  a  compact  resume  of  all  the  more 
recent  studies  in  this  branch  by  European  and  American  observers. 
The  general  relation  of  electro-physiology  to  electro-therapeutics  has 
been  brought  into  prominence  at  every  point. 

The  method  oi  central  galvanization  that  we  have  systematized  and 
introduced  to  the  profession  since  the  publication  of  the  first  edition  is 
here  described  and  illustrated  in  full  detail.  The  great  practical 
advantages  of  this  method  of  galvanization  over  localized  galvanization 
of  the  nerve-centres — and  'n  many  cases  over  general  faradization — are 
already  well  understood  b)  many  of  our  leading  electro-therapeutists. 

There  are  now  introduced  into  science,  six  methods  of  using  electri- 
city for  the  treatment  of  disease  :  localized  faradization  and  localized 
galvanization,  general  faradization,  central  galvanization,  and,  in  electra 
surgery,  electrolysis  and  galvano-cautery. 
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In  the  chapter  on  A  pparatus  we  have  endeavored  to  represent  with 
taimess  and  impartiality  the  best  workmanship  and  the  most  recenl 
improvements.  The  face  of  the  superiority  of  continuous  over  separate- 
,Xoil  Karadic-machines  in  the  treatment  of  sensitive  patients  is  here  for 
ic  first  time  brought  out  and  emphasized, 

A  new  chapter  on  General  Suggestions  has  been  added,  in  wliich  the 
attempt  has  been  made  to  answer  in  detail  the  various  practical  queries 
that  so  annoy  the  beginner  in  electro-therapeutics. 

In  the  section  on  Electro-surgery  the  principles  of  galvano  cautery, 
of  ordinary  elecirolysrs,  and  of  the  method  of  electrolysis  of  the  base 
have  been  described  and  illustrated,  and  in  the  clinical  portions  all  varie- 
ties of  results  have  been  presented  from  a  very  large  experience  in  ihit 
dei>artment,  so  that  one  may  learn  both  what  can  be  done  and  what 
cannot  be  done  by  electricity  in  surgical  diseases. 

in  the  cUnical  part  of  electro-medicine  a  number  of  entirely  new 
chapters  have  been  added,  and  all  of  the  chapters  have  been  recast. 
The  number  of  cases  has  been  increased  nearly  twofold,  the  failures 
and  successes  being  fairly  represented. 

We  may  call  especial  attention  to  the  chapters  on  Diseases  of  the 
Skin,  wherein,  besides  many  other  cases,  are  detailed  the  remarkable 
results  of  central  galvanization  in  chronic  eczema  and  prurigo,  and  to 
the  chapter  on  Diseases  of  Children,  in  which  are  recorded  the  results 
of  exi>erimcnls  in  the  treatment  of  whooping-cough,  marasmus,  and  de* 
bility,  and  also  the  fact  of  the  remarkable  tolerance  of  childhood  to 
electricity*  Since  the  publication  of  the  first  edition  a  number  of  excel 
lent  works  on  nervous  diseases  have  appeared,  and  foi  that  reason,  as 
well  as  for  lack  of  space,  the  systematic  remarks  on  certain  diseases 
have,  in  this  edition,  been  mostly  omitted,  save  some  special  points 
wherein  our  views  differ  from  those  generally  adopted. 

Although  the  work  is  considerably  enlarged  yet  this  enlargement  is 
due  more  to  die  addition  of  new  matter  than  to  the  retention  of  old.  If 
there  are  any  who  object  to  the  size  of  the  work,  who  seek  for  short 
nd  ready  methods  to  the  science  and  art  of  electrotherapeutics,  who 
dcspbe  and  deride  the  physical  and  physiological  relations  of  electricity, 
and  who  sup|)ose  that  he  who  has  held  two  sponges  on  a  patient  has 
compassed  the  whole  of  clectrology,  we  can  only  reply  that  it  is  not  for 
such  that  this  book  was  written,  and  we  hope  that  nothing  we  may 
wrile  will  encourage  the  increase  of  physicians  of  that  character.  The 
id**!!  of  every  elcclro-therapeutist^ — certainly  of  every  one  who  gives  the 
fitbject  special  attention — should  be  to  become  an  electrologist,  that  is, 
Co  be  a  master  of  electricity  tn  its  physical  and  physiological  as  well  an 
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its  purely  diagnostic  and  therapeutic  relations ;  for  all  such  this  edi 
tion  is  designed  to  be  a  work  of  exhaustive  reference.  Those,  how 
ever,  whose  aims  are  lower  will  here  find  the  purely  practical  and 
chnical  department  clearly  presented  by  a  large  variety  of  ^lustrations  of 
the  various  methods  of  application,  and  by  details  of  more  than  twc 
hundred  cases,  including  every  type  of  medical  and  surgical  disease,  for 
which  electricity  by  any  method  of  application  has  been  used  with  any 
encouraging  results. 

To  those  who,  since  the  first  edition  of  this  work  was  out  of  press, 
have  grown  weary  in  waiting  for  the  long-promised  appearance  of  the 
second  edition,  we  may  express  the  hope  thai  they  will  find  in  the 
present  treatise  sufficient  evidences  of  original  experience  and  research 
to  fully  account  for,  if  not  to  justify  the  annoying  delay. 
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The  object  of  this  work  is  to  present,  in  a  compact,  practical  form, 
all  that  is  now  known  on  the  application  of  electricity  to  the  treatment 
of  disease.  The  aim  of  the  authors  has  been  to  combine  their  own 
extensive  and  varied  researches  with  locaU^ed  and  general  electriza- 
tion, and  the  labors  of  all  other  recent  explorers  in  electro-therapeutics, 
to  a  summary  which  should  be  at  once  practical  and  exhaustive,  and 
which  should  represent  with  strict  impartiality  all  that  has  been  really 
accomplished  in  this  department  by  every  school,  in  every  country,  and 
by  all  methods* 

For  this  undertaking  the  authors  have  been  prepared  by  an  experi- 
ence acquired  in  more  than  10,000  applications  of  electricity  in  a  wide 
%'ariety  of  morbid  conditions,  and  by  personal  observation  of  the 
ruethods  and  the  resttlts  of  the  recognized  leaders  in  this  important 
field  of  science. 

For  convenience  of  reference,  and  in  order  to  avoid  repetition  and 
confusion,  the  work  is  divided  into  EUctro-Physks^  Electro- Pkyswhgy^ 
Elcctro-Tlterapiutics,  and  Electro-Surgery,  It  is  believed  that  by  this 
arrangement  tlie  work  will  be  more  acceptable  both  to  the  majority 
who  seek  to  consult  the  distinctively  practical  portions,  and  to  the  few 
who  may  desire  also  to  investigate  the  subject  of  electncity  in  its 
physical  and  physiological  relations. 

General  electrization,  which  the  authors  were  the  first  in  the  profes- 
sion to  systematically  investigate,  is  here,  for  the  first  time,  described 
and  illustrated  in  systematic  detail  of  its  modus  operandi  and  its  very 
remarkable  effects  in  conditions  of  debility. 

The  general  differential  indications  for  the  use  of  the  two  cur- 
rents and  for  the  use  of  localized  and  general  applications,  we  have 
sought  to  distinguish  and  elucidate  by  logical  deductions  from  the 
known  principles  of  electrotherapeutics,  and,  above  all,  from  extend- 
ed experimental  comparison.  The  knowledge  of  electro4herapeutical 
anatomy,  which  is  so  essential  for  an  intelligent  electro -diagnosis  in 
therapeutics,  we  have  endeavored  to  facilitate  by  concise  and  explicit 
illustrations.  The  drawings  for  illustrations  of  the  different  methods 
of  electrization  were  made  from  photographs  taken  during  the  applica* 
tions 
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In  the  selection  and  detailed  description  of  apparatus,  both  the  tat^tei 
of  the  specialist  and  the  imperative  needs  of  the  general  practitionet 
have  been  constantly  borne  in  mind  ;  and  while  nearly  all  the  most  ira« 
proved  forms  of  machines  for  both  currents  have  received  notice, 
minute  description  and  illustration  have  been  reserved  only  for  those 
that  experience  has  shown  unite  in  the  highest  degree  the  qualities  of 
convenience  and  compactness,  with  accessibility  and  uniformity  of  ac- 
tion. When  we  began  our  experiments  in  this  department,  there  waj 
in  this  country  no  satisfactory  apparatus  either  for  the  faradic  or  the 
galvanic  current,  and  for  this  reason  our  early  observations  were  made 
under  exceeding  disadvantages. 

The  difficulty  has  for  a  number  of  years  been  partly  met  by  the 
electro-magnetic  apparatus  of  Kidder,  which,  for  all  the  essential  qual- 
ities required,  is  as  yet  unsurpassed.  We  early  became  convinced  that 
scientific  electro-therapeutics  required  also  a  galvanic  apparatus  which 
should  be  at  least  more  compact  and  more  portable  than  those  which 
had  been  usually  employed,  and  that  to  be  forced  to  depend  on  appa- 
ratus of  foreign  construction  would  both  retard  the  progress  and  prac 
tically  prohibit  the  popularization  of  electro-therapeutics.  Amid  many 
discouragements  which  only  those  who  have  pursued  similar  investiga- 
tions can  well  appreciate,  we  have  striven  to  overcome  this  serious  evil 
and  to  prepare  a  galvanic  apparatus  which  should  be  both  simple  and 
enduring,  and  which  could  be  used  at  the  bedside  as  well  as  in  the 
hospital  or  consulting-room.  Through  the  skill  and  intelligence  of  the 
mechanician  above-mentioned,  we  are  now  able  to  present  an  appa- 
ratus for  the  galvanic  current  which,  if  not  on  the  one  hand  so  com- 
pact, or  on  the  other  so  elaborate  as  others  to  which  we  have  called 
attention,  is  yet,  in  the  wide  variety  of  size  and  shape  of  which  it  is 
capable,  in  the  simplicity  of  its  construction,  and  the  ease  of  its  man- 
agement, perhaps  even  better  fitted  to  sui>ply  the  general  want. 

Electro-surgery^  though  a  young  and  as  yet  but  little  developed 
branch  of  electro-therapeutics,  is  yet  of  such  intrinsic  importance  and 
interest,  and  so  fruitful  in  promise  for  the  future,  that  it  has  been 
deemed  worthy  of  separate  and  special  consideration. 

In  the  preparation  of  the  detailed  and  statistical  reports  of  cases,  we 
have  sought  to  give  a  picture  that  shall  be  so  accurate,  and  so  true  to 
experience,  that  it  may  be  unfailingly  recognized  by  all  those  who  pur- 
sue a  similar  line  of  experiment  The  somewhat  deserved  reproach 
against  electro-therapeutists,  that  they  publish  only  their  most  fortunate 
results,  we  have  endeavored  to  avert  by  giving  prominence  to  failure! 
as  well  as  to  successes ;  by  noting  relapses  as  well  as  permanent  re 
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coveries.  We  have  been  not  unmindful  of  the  fact  thai  statistical  re* 
pofts  oC  the  results  of  any  method  of  treatment,  however  conscien- 
tiously prepared,  must  be  at  best  incomplete,  and  to  a  certain  extent 
tliusory.  Therapeutics  is  always  a  subject  of  vast  complications.  It 
is  probable  that  in  some  of  the  cases  reported  as  absolute  or  approxi- 
mate recoveries,  nature  and  tin)e,  and  in  a  few  instances,  perhaps, 
other  medicinarl  or  hygienic  treatment  bore  as  large  a  share  as  the  ap- 
plications themselves.  We  have,  however,  endeavored  to  make  all 
proper  allowances  for  the  influence  of  these  various  factors  ;  and  in 
the  few  exceptional  cases  where  medicinal  has  been  combined  with 
electrical  treatment,  the  fact  has  been  mentioned,  and  cases  of  posi- 
tive doubt  have  been  excluded  from  consideration.  For  the  study  of 
the  special  effects  of  electrical  treatment,  when  used  alone,  we  have 
been  peculiarly  fortunate,  since  the  vast  majority  of  our  cases  had 
abandoned  medication  before  they  were  referred  to  our  care.  On  the 
other  hand^  it  is  indisputably  tnie  that  some  of  the  cases  reported  as 
absolute  failures,  or  as  bnt  slightly  benefited,  were  kept  from  perfect 
recovery  by  the  indulgence  of  evil  habits  of  hygiene  ;  and  it  is  fully 
probable  that  some  of  them,  as  well  as  of  those  reported  as  unknown, 
appreciated  the  after  results  of  the  treatment  and  went  on  to  recovery. 
Still  further,  it  is  in  every  way  probable  that  some  of  the  failures  might, 
by  greater  perseverance  on  the  part  of  the  patients,  have  been  trans- 
fonned  into  perfect  successes. 

It  is  believed  that  these  various  errors  to  a  certain  extent  counter- 
balance each  other,  and  that  on  the  whole  our  statistical  reports  fairly 
represenr*  so  far  as  they  go,  tlie  legitimate  results  of  the  electrical 
trcatmcnL  And  yet  it  should  be  considered  that  the  majority  of  the 
cases  represented  in  our  statistics  were  both  Tong  standing  and  pecu- 
liarly obstinate,  and  there  is  ground  for  the  belief  that  those  who  treat 
milder  and  more  recent  cases  by  the  same  methods,  will  obtain  a  larger 
percentage  of  success. 

It  will  be  observed  that  throughout  the  work  these  leading  ideas  are 
kept  constantly  in  the  foreground  as  the  foundation  principles  on  which 
must  rest  the  science  of  electro-therapeutics  : — 

1,  That  electrization,  besides  being  merely  a  local  stimulant,  also 
exercises  an  influence  over  general  and  local  nutrition,  at  once  unique 
and  unrivalled,  and  that  entitles  it  to  the  highest  rank  among  constitu- 
tional tonics. 

2.  That  the  accepted  system  of  making  the  applications  exclusively 
local  is  both  illogical  and  inconsistent ;  that  in  the  use  of  electricity, 
as  of  every  other  remedy^  constitutional  diseases  should  be  treated 
constitutionally. 
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3.  That  the  best  method  of  bringing  the  whole  system  under  thi 
direct  influence  of  the  current  is  by  general  electrization  as  here  de- 
scribed ;  and  that  by  the  use  of  this  method  the  success  of  electro- 
therapeutics  is  materially  enhanced,  and  its  sphere  very  greatly  widened, 
so  as  to  include  a  variety  of  frequent  and  distressing  constitutional 
morbid  conditions,  for  which  merely  localized  electrization  is  but  im- 
perfectly indicated. 

4.  That,  in  determining  the  influence  of  the  electrical  applications 
on  conditions  of  disease  the  last  appeal  must  be  made,  not  to  ph}'sic9 
nor  t\.  physiology,  nor  to  pathology,  nor  to  any  d  priori  reasoning  what- 
ever, but  solely  and  alone  to  clinical  experience. 

To  those  who  adhere  to  the  long-accepted  theory  that  electricity  is 
merely  a  means  for  local  stimulation,  and,  as  such,  chiefly  indicated  in 
the  severe  or  incurable  conditions  of  paralysis  or  chronic  rheumatism, 
or  who  hope  to  reduce  electro-therapeutics  to  an  exact  science  on  the 
basis  of  a  complete  physiology  and  pathology,  the  above  propositions 
must  seem  both  radical  and  erroneous,  and  especially  so  if  they  have 
studied  the  action  of  electricity  on  the  l>ody  merely  by  localized  appli- 
cations. 

Therefore  with  all  the  greater  interest  and  pleasure  have  we  ob- 
served that,  during  the  last  few  years,  there  has  been  in  electro>thera^ 
peutical  literature  a  manifest  and  increasing  tendency  to  abandon  the 
narrow  doctrines  of  merely  local  stimulation,  to  accept  the  fact  which 
experience  everywhere  confirms,  that  in  electricity  we  have  an  unsur- 
passed means  of  improving  the  general  nutrition  in  the  immense  \'a- 
riety  of  chronic  morbid  conditions  where  such  results  are  chiefly  indi- 
cated ;  and  we  express  the  confident  hope  that  the  abundant  and  varied 
evidence  with  which  in  the  present  work  we  have  been  enabled  to  for- 
tify these  propositions,  increased  and  enriched  as  it  may  be  by  the  ex- 
perience of  the  future,  and  harmonizing  as  it  surely  must  with  the  gen- 
eral progress  of  science,  will  materially  aid  in  bringing  nearer  the  day 
of  their  universal  acceptance. 

Although  this  work  is  not  intended  to  be  in  any  sense  a  complete 
guide  to  the  study  of  chronic  diseases  of  the  nervous  system,  yet  some 
general  remarks  on  the  nature,  causation,  and  the  diagnosis  of  the 
principal  of  these  diseases  have  been  deemed  both  appropriate  and 
necessary,  for  the  twofold  reason  that  such  knowledge  is  necessary  foi 
an  intelligent  appreciation  of  the  directions  for  the  treatment,  and  also 
because  very  many  of  the  diseases  here  mentioned — such  as  nervcwf 
dyspepsia,  spinal  irritation,  neurasthenia,  hypochondriasis,  insomma, 
locomotor  ataxy,  muscular  atrophy,  spinal  and  infantile  paralysis,  Bi 
well  as  some  of  the  varieties  of  neuralgia — have  not  received  in  any  one 
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•popular  text-book  the  practical  attention  which  their  vast  importance 
in  electro- therapeutics  requires, 

Scientitic  electro-therapeutics  requires  sciendfic  diagnosis.  He  who 
i^only  knows  how  to  apply  electricity  is  not  fit  to  do  even  that.  Suc- 
cessful results  in  electro-therapeutics  Can  be  and  are  obtained  by  the 
Host  ignorant  of  charlatans,  but  to  intelligently  report  these  successes 
7T  make  them  of  value  to  science  requires  the  best  skill  of  the  physi- 
Mere  hand-books  of  electrical  applications  cannot  be  otherwise 
han  injurious  to  science.  Other  conditions  being  the  same,  the  value 
of  reports  of  cases  in  electro-therapeutics  is  in  direct  proportion  to  the 
accuracy  and  completeness  of  the  diagnosis.  For  this  reason  it  is  that 
electro  therapeutics   is   the   most   exacting   and    laborious  of   all   the 

(special  departments,  for  in  a  certain  sense  it  trenches  on  and  necessi- 
tates a  knowledge  of  all  other  departments. 
In  the  strict  sense  of  the  word,  therefore,  the  electro-therapeutist  is 
IvD  specialist,  since  his  idea! — which  of  course  he  can  but  imperfectly 
fiilfil — must  be  to  know  something  of  every  department  with  which 
electro  therapeutics  brings  him  into  relation.  His  ambition,  like  that 
of  Bacon,  must  be  "  to  make  all  knowledge  his  province.*' 

Besides  a  thorough  familiarity  with   the  department  of  nervous  dis- 
cs, and  especially  with  the  recent  methods  of  studying  them  by  the 
sthesiometer,  the  ophthalmoscope,  and  by  electricity,  it  is  necessary 
^for  the  electro-therapeutist  to  avail  himself  of  all  the  advances  that  are 
^JDade  in  the  special  departments  of  gynaecology,  ophthalmology,  otoU 
t>gy,  laryngology,  and  demiatology,  as  well  as  general  medicine  and 
|Burgery. 

In   respect  to  diagnosis  we  have  ourselves  been  exceptionally  fa- 
[vored^  since  the  majority  of  our  cases  have  obtained  the  opinion  of  one 
'  more  acknowledged  authorities  in  their  respective  departments. 
That  all  the  special  views  on  the  nature  and  treatment  of  the  dia- 
teases  here  mentioned  should  meet  with  universal  acceptance,  is  more 
|tlian  can  be  expected.     Everywhere  we   tread  on  debatable  ground* 
In  regard  to  the  nature,  the  causation,  the  symptoms,  the  general  treat- 
'  ijient,  the  divisions  and  the  terminology  of  diseases,  the  choice  of  cur- 
I  rents,  the  methods  of  applications,  the  relative  merits  of  rival   appa- 
15, — in  these  and  in  many  other  subjects  there  is  room  for  the 
idesi  possible  divergence  of  honest  opinion  among  those  whose  abili- 
Ities  and  opportunities  entitle  their  opinions  to   the  highest   respect 
■On  aJl  these  controverted  thejnes  we  present  nothing  as  a  finality,  noth- 
ing which  we  shall  not  readily  modify  in  the  light  of  sufficient  inductive 
cvideQce. 
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CHAPTER  I. 

A  KKOWLEDGE  OF  THE  PRINCIPLES  OF  ELECTRO-PHYSICS  NECESSARY 
TO  THE  ELECTRO-THERAPEUTIST — DEFINITION  OF  ELECTRICmf — 
MAGNETISM. 


Elc€trO'physks  is  the  science  which  treats  of  electricity  in  its  physical 
retaiions. 

No  one  can  be  a  master  in  electro-therapeutics  without  also  being  a 
master  in  electro-physics.  Hence  it  becomes  necessary,  in  a  systema- 
tic treatise  on  electro- therapeutics,  to  present  the  leading  principles  of 
clectro^physics,  and  to  point  out  their  practical  bearings  both  on 
electro-physiology  and  electrotherapeutics.  This  necessity  is  all  the 
greater  because  electro-physics  is  the  branch  of  elcctrology  that  electro- 
therapeutists  are  most  of  all  disposed  to  neglect ;  and  ignorance  of  this 
department  has  retarded,  and  still  retards,  the  scientific  advance  of 
electro- therapeutics  both  medical  and  surgical.  It  is  possible  to  make 
happy  hits  in  electro-therapeutics  witliout  knowing  anything  of  electro- 
physics  or  electro -physiology ;  but  on  the  average,  and  in  the  long  runt 
the  best  results  will  be  obtained  by  those  who  to  purely  practical  know* 
ledge  add  a  thorough  mastery  of  the  scientific  relations  of  the  subject* 

Why  discussed  in  a  Practical  Treatise  like  this. — The  necessity  of  pre- 
senting the  leading  principles  of  electro-physics  in  a  practical  treatise 
like  this  is  the  more  imperative  from  the  fact  that,  until  quite  recently 
at  least,  all,  or  nearly  all,  the  text-books  on  physics  in  use  in  schools 
and  colleges  have  failed  to  represent  the  advanced  researches  and 
generalizations  of  modern  scientists  in  the  department  of  electricity. 
The  old  hypotheses,  that  electricity  is  a  single  or  double  fluid,  still  linger 
in  our  centres  of  education,  or  peld  the  ground  but  slowly ;  and  even  in 
those  works  that  arc  fully  up  to  the  times  on  this  subject,  the  special 
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and  practical  bearings  of  electro-physical  principles  on  electro-phys- 
iology and  electro-therapeutics  are  of  course  not  considered. 

To  this  should  be  added  the  consideration  that  any  science,  however 
well  acquired,  if  it  be  not  kept  before  the  mind  by  teaching  or  writing, 
or  by  practical  application,  soon  fades  from  the  memory,  or  becomes  a 
mass  of  half-truths  and  uncertainties.  We  are  therefore  justified  in 
assuming  that  not  one  in  a  hundred  of  those  who  will  consult  this  book 
as  a  guide  in  electro-therapeutics  will  be  so  thoroughly  and  accurately 
informed  on  the  principles  of  electro-physics  as  not  to  need,  on  this 
subject,  some  compact  treatise  which  shall  serve  as  a  guide  and  reminder 
of  the  leading  facts  and  principles  of  the  science.  To  supply  this  need 
is  the  object  of  this  division  of  our  treatise. 


NATURE  AND  DEFINITION   OF  ELECTRICriY. 

Electricity  is  now  regarded  as  a  force  correlated  to  the  other  great 
forces  of  nature — hecU,  light,  etc. — and,  like  them,  is  simply  a  mode  of 
motion, — a  form  of  vibration. 

Although  the  precise  nature  of  these  vibrations  have  not  yet  been 
mathematically  demonstrated,  as  in  the  case  of  light  and  heat,  yet  the 
theory  that  the  phenomena  of  electricity  are  the  result  of  vibrations  has 
much  in  its  favor,  and  it  is  by  no  means  impossible  that  in  the  future  the 
nature  of  these  vibrations  will  be  well  understood. 

In  the  present  treatise,  as  in  all  works  on  physics,  various  terms,  as 
"current,"  "flows,"  "runs,"  etc.,  that  took  their  origin  when  the  fluid 
theory  prevailed,  are  retained  for  the  sake  of  convenience  of  description. 
With  this  understanding  there  is  no  objection  to  their  use. 

Electricity  is  manifested  in  three  general  forms  :  Magnetism  ;  Stati- 
cal or  Frictional  ox  Franklinic  Electricity;  and  Galvanism,  or  Voltait 
or  Dynamical  Electricity. 


MAGNETISM. 

Magnetism. — In  order  to  understand  electricity  in  general  it  is  neces- 
sary  to  understand  magnetism,  which  is  one  of  its  manifestations. 
Magnetism,  defined  by  its  phenomena,  is  the  "^o^^x  which  certain  bodies 
possess  of  attracting  iron.  The  bodies  which  ar«  observed  to  have  this 
power  are  called  magnets,  and  are  divided  into  two  classes — natural  and 
artificial.     Natural  magnets  consist  of  iron  ore  or  loadstone.     Load* 
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itone  was  first  discovered  in  Magnesia,  in  Asia  Minor,  and  hence  the 
name  magnet  was  derived.  The  compass  was  introduced  into  Europe  in 
the  twelfth  century;  but  the  Chinese  are  said  to  have  been  acquainted 
with  it  in  the  fourth  century. 

Artifidai  magnets  are  usually  made  of  steel  that  has  been  magnetized 
by  the  galvanic  current  or  by  other  magnets.  Steel  bars  that  have 
been  thus  magnetized  may  be  either  straight  or  bent.  For  convenience* 
sake,  they  are  usually  bent  in  the  form  of  a  horseshoe. 

All  substances  are  more  or  less  susceptible  to  magnetic  in  flu  en  ce,  but 
iron  is  more  affected  by  it  than  others.  Experiments  illustrative  of  the 
effects  and  power  of  artiticial  magnets  are  so  familiar  that  they  need  nol 
be  cited. 

Pplariiy  af  Magnets. — The  polarity  of  a  magnet  is  that  peculiar  pro- 
perty by  which  it  manifests  two  opposite  kinds  of  magnetism,  that  are 
tenned^  relatively  to  each  other,  the  north  and  the  soutli  pole.  When  a 
magnetic  needle  is  so  suspended  that  it  can  move  unimpeded  in  any 
direction,  one  end  points  to  the  north,  and  the  other  to  the  south.  If 
the  magnet  be  disturbed  in  any  way,  and  forced  temporarily  out  of 
position,  it  at  once  and  uniformly  returns. 

Polarity  is  a  quality  that  belongs  not  only  to  magnetism,  but  also  to 
Other  forms  of  eleciricity,  and  to  light  and  the  other  great  forces. 

The  poles  of  a  magnet  are  always  at  its  ends,  for  here  the  attractive 
power  is  greatest*  This  can  be  demonstrated  by  a  very  simple  experi- 
tnenL  If  a  magnetic  bar  be  rolled  in  a  pile  of  iron-tilings,  it  will  be 
found  that  these  adhere  to  the  bar  most  firmly  and  in  the  greatest 
quantity  at  and  near  its  poles.  The  quantity  that  adheres  is  less  as  we 
approach  the  middle  of  the  bar. 

Neutral  Line. — In  lo*ig  bars  there  is  always  a  place  at  the  middle, 
or  near  to  it,  where  no  filings  are  attracted.  This  space  is  variously 
lermcd  the  neutral  or  magnetic  zone^  or  magnetic  equator^  or  point  of 
indifference. 


Fig.  t. 


Another  familiar  exi>eriment  is  to  pass  an  iron  ball,  suspended  by  a 
string  or  thread,  near  to  a  magnet  from  end  ro  end.  It  is  observed 
that  the  ball  is  attracted  very  little,  or  not  at  all,  in  the  middle,  but 
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that  the  attractive  power  is  increased  as  we  bring  it  towards  either  end 
If  any  substance  be  placed  between  the  ball  and  the  magnet,  the  at- 
traction is  just  as  marked,  unless  the  interposed  substance  itself  con- 
tains iron.  Nearly  all  substances  that  are  not  themf  elves  magnetic 
are  capable  of  transmitting  the  magnetic  influence. 

Another  featiu-e  of  magnetic  polarity  is,  that  like  poles  repel,  and 
unlike  poles  attract,  each  other.  If  one  magnetic  bar  be  suspended 
freely  in  the  air,  and  another  be  brought  near  to  it,  it  will  be  found 
that  the  north  pole  of  one  is  attracted  by  the  south  pole  of  the  other, 
and  vice  versd — in  short,  that  the  like  poles  repel,  while  the  unlike 
attract. 


Fig.  a. 


Magnetism  of  Broken  Magnets, — If  a  bar  that  has  been  magnetized 
be  broken  in  the  middle,  each  half  will  have  two  poles  and  a  neutral 
point  in  the  centre.  If  one  of  these  halves  is  broken  in  the  middle, 
each  half  will  be  found  to  have  two  poles  and  a  neutral  line.  If  one 
of  these  parts  in  turn  be  broken,  each  half  will  again  be  found  to  be  a 
complete  magnet,  with  two  poles  and  a  neutral  line,  and  so  on  as  long 
as  we  can  carry  the  division. 

Coulomb's  Theory  of  Magnetism, — A  theory  of  magnetism  ad- 
vanced by  Coulomb  is,  that  magnetic  substances  consist  of  particles, 
each  one  of  which  is  a  magnet.  These  particles  have  their  poles  turned 
in  different  directions,  so  as  to  neutralize  each  other. 

Magnetization  brings  these  particles  round  so  that  they  He  in  the  same 
direction.  This  theory  brings  magnetism  very  close  to  statical  electri- 
city, and  would  naturally  be  adopted  by  those  who  believe  all  mag 
netic  phenomena  result  from  electricity  in  magneHc  bodies. 
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s 


Between  the  behavior  of  electricity  in  animal  bodies  (animal  electrl* 
oiy),  electricity  in  general  ( stall cal  and  dynamical  electricity),  to  be 
subsequently  explained,  and  magnetism  as  here  explained,  there  arc 
analo^es  so  dose  and  so  consistent  as  to  warrant  the  view  that  all  are 
but  different  manift stations  of  one  force. 

Magnetic  Induction, — If  a  bar  of  soft  iron  is  brought  in  contact 
with  or  near  to  one  of  the  poles  of  a  magnet,  it  is  attracted,  and  foi 
the  time  being  becomes  itself  magnetic ;  and  if  it  is  brought  near 
enough  to  the  magnet,  it  firmly  adheres  to  it.  A  bar  of  soft  iron  thus 
obtains  by  in  d tut  ion  all  the  properties  of  an  ordinary  magnet.  It  has 
a  north  and  south  pole.  It  attracts  iron-filings  around  these  poles,  just 
UJce  the  regular  magnet.  If  another  piece  of  soft  iron  is  brought  in 
contact  with,  or  near  to  its  poles,  it  is  attracted  and  made  to  adhere, 
just  as  it  would  do  if  applied  to  an  ordinary  magnet.  Quite  a  number 
of  bars  of  soft  ijon  may  be  made  to  adhere  in  (he  same  way.  But 
when  this  bar,  thus  n»ade  magnetic,  is  forcibly  removed  from  the  per- 
manent magnet  to  which  it  adheres,  it  instantaneously  loses  all  its  mag* 
netic  power,  and  the  iron-filings  or  pieces  of  soft  iron  that  have  been 
ftttnictcd  by  it  at  once  drop  off.  Such  a  magnet  is  therefore  styled 
** temp^rary^**  in  contradistinction  to  ih^ permanent  magnets  of  steel. 

If  a  bar  of  steel  is  brought  near  to,  or  in  contact  with  a  magnet,  it 
also  becomes  magnetic,  and  exhibits  very  different  phenomena  from 
the  bar  of  soft  iron.  In  the  first  place,  it  becomes  niagnetic  much 
Diore  slowly  than  the  bar  of  soft  iron,  and  displays  less  njagnetic 
power.  On  the  other  hand,  it  does  not,  like  the  soft  iron  bar,  lose  its 
attracdve  power  as  soon  as  it  is  removed  from  the  magnet,  but  perma* 
meniiy  retains  it 

The  quality  of  steel  by  which  it  at  first  resists  the  attractive  power 
of  magnets,  and  resists  the  dispersion  of  the  magnetism  which  it  has 
OQCe  acquired,  is  called  eoereitive  force. 

The  same  phenomena  are  observed  in  regard  to  heat.  Some  bodies 
that  are  quick  to  acquire  heat,  are  quick  to  part  with  it ;  and  vice  versd^ 
those  bodies  which,  like  iron,  steel,  and  so  forth,  acquire  heat  gradually, 
slso  part  with  it  slowly. 

Il  is  by  virtue  of  its  eoereitive  force  that  loadstone  permanently  re 
tains  its  loagnettfim. 

The  harder  any  steel  is,  the  greater  its  eoereitive  force.  Steel  that 
is  soft  has  comparatively  little  coercitiveness,  and  when  brought  neaj 
to,  or  in  contact  with  a  magnet,  it  behaves  very  much  like  soft  iron. 
Very  hard  ileel,  on  the  contrary,  has  so  great  coercitiveness  that  it  ii 
cmly  attracted  by  very  powerful  magnets. 
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Soft  iron,  when  adulterated  with  sulphur,  phosphorus,  arsenic,  oi 
charcoal,  or  if  it  is  even  twisted  or  bent,  may  exhibit  a  slight  degree 
of  coercitive  force.  Soft  iron  that  is  perfectly  pure  possesses  no  coer- 
citive  force  whatever. 

The  law  of  the  distribution  of  magnetisn:  in  a  bar  of  iron,  and  tJie 
law  of  magnetic  attraction  and  repulsion  were  discovered  by  Coulomb 
m  1789. 

Shape  of  Magnets — Magnetic  Armatures, — ^Artificial  magnets  are 
either  composed  of  straight  bars,  or  are  bent  in  the  shape  of  a  horse- 
shoe. The  horseshoe  form  is  used  mainly  for  the  sake  of  conveni- 
ence. It  enables  us  to  apply  both  poles  simultaneously  and  uniformly 
to  the  object  that  is  to  be  magnetized.  Very  powerful  magnets  may 
be  made  of  a  number  of  thin  steel  bars  placed  side  by  side,  their  poles 
being  situated  homonymously,  that  is,  lying  in  the  same  direction.  A 
number  of  bundles  of  bars  of  steel  arranged  in  this  way  is  called  a 
^^  magnetic  tnagazine^  or  battery,^* 

Magnetic  armatures  are  pieces  of  soft  iron  that  are  placed  at  the  ends 
of  magnets,  to  keep  their  magnetic  power.  This  bar,  or  armatmre,  not 
only  receives  magnetism  from  the  magnet,  but  acts  upon  it  in  return, 
and  thus  helps  to  preserve  its  magnetic  power.  Magnets  that  are  not 
provided  with  an  armature  gradually  lose  their  attractive  power  by  the 
disturbing  influence  of  the  magnetism  of  the  earth.  The  magnetic 
power  of  magnets  is  apt  to  be  impaired  by  letting  them  fall  on  a  hard 
surface,  or  by  suddenly  striking  them  with  a  solid  body. 


FfG.  3. 

Magnetization. — It  is  possible  to  communicate  magnetism  to  bodies 
that  can  retain  it  in  several  different  ways : 

1.  By  single  Touch. — The  bar  which  we  wish  to  magnetize  is  laid 
on  a  table,  and  the  pole  of  a  magnet  is  rubbed  along  its  surface  fironi 
end  to  end  for  a  number  of  times. 

2.  By  double  Touch, — The  bar  that  is  to  be  magnetized  is  placed  on 
a  piece  of  wood,  the  ends  of  which  are  placed  against  two  strong  mag- 
nets. Two  magnets  for  rubbing  are  placed  on  the  bar  to  be  magnet- 
ized, making  an  angle  with  the  bar  of  from  15*^  to  20°.  A  small  piece 
of  wood  is  placed  between  the  extremities  of  these  two  magnets,  to 
prevent  their  touching.  They  are  then  rubbed  along  the  bar  that  is  to 
be  magnetized,  from  the  middle  towards  the  end,  and  back  again,  and 
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raised  from  the  magnetized  bar  again  at  the  middle.  This  method 
coii)mun:cat-*s  a  strong,  diough  sometimes  irregular  magnetism ;  it  wai 
invented  by  Mitchell,  and  perfected  by  Epinus  in  175S. 

5.  By  separate  Touch. — This  method  consists  in  putting  two  opposite 
poles  of  two  magnets  of  the  same  force  in  the  middle  of  the  bar  that  is 
to  be  magnetized,  and  moving  each  of  them  at  tlie  same  time  toward 
the  opposite  end  of  the  bar.  This  operation  is  repeated  several  times 
on  both  sides  until  the  bar  is  magnetized. 

The  magnets  may  be  held  vertically  or  may  be  inclined. 

The  vertical  method  was  first  used  by  Knight  in  1745. 

4«  By  the  Galvanic  Current — The  bar  to  be  magnetized  is  placed 
inside  a  coiJ  of  msulated  wire  through  which  a  galvanic  current  is  run- 
ning, and  is  then  moved  backward  and  forward,  as  in  the  method  by 
the  double  touch. 

5.  By  the  Earth. — It  is  clear  that  the  earth  is  itself  a  magnet,  for  il 
manifests  strong  inductive  power.  A  steel  rod  becomes  permanently 
magnetic  when  it  is  held  parallel  to  a  dipping-needle.  If  a  bar  of  soft 
iron  is  held  in  the  same  position  it  also  becomes  magnetic,  and  much 
more  rapidly  than  the  steel  bar,  but  does  not  so  long  retain  its  magnet- 
ism. If  a  soft  iron  bar,  held  in  this  position,  is  struck  a  few  times  by  a 
hammer,  its  magnetism,  which  was  before  temporary,  becomes  per- 
manenL  The  blows  of  the  hammer  seem  to  impart  in  some  mys- 
terious way  a  coercitive  force  to  the  temporary  magnet* 

X^arge  masses  of  iron,  when  kept  In  a  stationary  position  for  any 
length  of  time,  always  give  proofs  of  having  been  magnetized  by  the 
earth*  Tools  in  w*orkshops  are  apt  to  become  permanently  magnetic 
Crom  the  repeated  hammering  to  which  they  are  subjected.  The  mag- 
netism of  tlie  loadstone  is  due  to  the  silent  but  continuous  inductive 
action  of  the  earth.* 

Saturation  Point  of  Magnetism, — ^Thc  limit  of  the  amount  of  mag- 
netism that  a  magnet  can  permanently  retain  is  called  the  point  0/ satu- 
ration. If  any  magnet  receives  more  of  magnetism  than  it  can  perma- 
nently retain,  it  gradually  loses  it  or  throws  it  off  until  it  falls  to  the 
point  of  saturation,  when  it  ceases  to  lose  any  more*  The  saturative 
point  of  any  magnet  depends  on  its  temper  and  coercitive  force. 

Magnetism  is  very  markedly  intiuenced  by  temperature.  When  a 
magnet  is  heated  it  loses  its  magnetic  jmwer  in  proportion  as  its  tem- 
perature rises  ;  when  it  cools  it  regains  marc  or  less  uf  what  it  has  lost. 


•  Va  this  subjt-ct  we  mAy  refer  to  the  able  pamphlet  of  Prof,  Mayer  on  The  Earth 
weai  MagneL 


CHAPTER  11. 

FRICriONAL,  OR  STATICAL,    OR   FRANKLINIC  ELECTRICnY. 

When  glass  is  rubbed  with  silk  it  acquires  the  power  of  attracting 
any  light  substance,  such  as  a  pith-ball.  By  a  short  contact  this  prop- 
erty is  also  communicated  to  the  pith-ball,  and  it  then  repels  the  glass 
instead  of  being  attracted. 

These  phenomena  are  explained  by  the  existence  of  a  force  which  is 
termed  Electricity.  That  which  exists  in  the  glass  is  called  vitreouSy  or 
positive,  or  +  electricity.  If  a  piece  of  sealing-wax  be  rubbed  with 
flannel  it  will  attract  the  pith-ball,  which  is  repelled  by  the  glass.  This 
phenomenon  is  due  to  the  existence  of  resinous^  or  negative,  or  —  elec- 
tricity in  the  sealing-wax. 

The  name  electricity  is  derived  from  the  Greek  word  ^IxKr^v,  mean- 
ing amber,  because,  as  the  story  goes,  Thales  of  Miletus,  one  of  the 
seven  sages  of  Greece,  first  discovered  the  manifestations  of  thb  myste- 
rious force  by  rubbing  a  piece  of  amber  with  a  dry  cloth. 

The  science  of  electricity  dates  from  1600,  when  Dr.  Gilbert,  of  Col- 
chester, physician  to  Queen  Elizabeth,  published  a  work  on  magnetism, 
entitled  Tractatus  de  Magnete,  He  first  used  the  word  electricity.  He 
showed  that  not  only  amber,  but  other  bodies,  as  sulphur,  wax,  etc., 
develop  electricity.  He  first  used  the  term  poles  in  magnetism,  and 
announced  the  first  theory  of  terrestrial  magnetism.  Not  only  sealing- 
wax  and  glass,  but  all  bodies  contain  more  or  less  of  electricity  that  may 
be  thus  developed  by  some  kind  of  friction. 

Conductors  and  Non-conductors. — All  bodies  are  electrically  divided 
into  three  classes:  Conductors,  semi-conductors,  and  non-conductors. 
Under  the  first  class — conductors — are  included  water  and  all  saline 
solutions,  the  metals,  the  earths  and  stones,  the  structures  of  plants  and 
animals,  etc.,  etc.  Under  the  second  class — semi-conductors — are  in- 
cluded ether,  alcohol,  dry  wood,  marble,  paper,  straw,  etc.,  at  32®  F. 
Under  the  third  class — non-conductors,  or  insulators^ — are  included  glass, 
sealing-wax,  porcelain,  resins,  sulphur,  wax,  dry  metallic  oxides,  fatty 
oils,  etc.,  at  —  13®  F. ;   phosphorus,  india-rubber,  gutta-percha,  col 
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loilion^  wool,  dry  hair,  silk,  shellac,  ebonite,  amber,  feathers,  chalk, 
liujc,  dry  gases,  and  aqueous  vapor  in  a  dry  state. 

The  conducting  power  of  metals  may  be  lessened  by  healing  them. 
In  nearly  all  other  substances  heat  increases  the  conducting  power. 
Certain  substances,  such  as  feathers,  wool,  hair,  and  the  atmosphere, 

bjch  in  a  dry  state  are  non  conductors,  become,  when  dioroughly 

listened,  the  best  of  conductors. 

In  this  classification  of  all  substances  into  conductors,  semi  conduc- 
tor^ and  non-conductors,  reference  Is  had  only  to  frictional  electricity. 
Substances  that  are  semi-conductors  for  frictional  electricity  are  non- 
conductors for  galvanic  clectricit)% 

Frictional  electricity  may  be  obtained  not  only  by  rubbing,  but  also 
by  cUava^^£  and  pressure.  When  a  piece  of  mica  is  cleaved,  the  two 
|>]ates  which  are  separated  exhibit  opposite  electricities,  and  a  faint 
light  is  observed  when  the  cleavage  is  made  in  the  dark.  The  light 
that  is  seen  when  sugar  candy  or  loaf-sugar  is  broken,  is  accounted  for 
by  the  dev^elopmcnt  of  electricity  through  cleavage. 

When  a  thin  piece  of  cork  is  pressed  against  a  slice  of  orange, 
by  insulating  handles,  one  assumes  a  positive  and  the  other  a  negative 
electricity.  The  same  phenomena  may  be  obtained  by  cleavage  and 
|>rcssure  of  very  many  other  substances,  and  under  diverse  condi- 
tions. 

A  conductor  is  said  to  be  insulated  when  it  is  placed  on  some  non- 
conducting substiince,  so  that  tlie  electricity  communicated  to  it  is  pre- 
Vi^tcd  from  passing  into  the  ground.  Glass  is  one  of  the  best  non- 
conductors, and  is  the  insulating  material  usually  employed  in  the  con- 
struction of  electrical  apparatus.  It  is  hard,  durable,  and  easily  ob- 
tained, and,  could  its  surface  be  kept  always  dry,  would  be  surpassed  as 
an  insulator  by  no  material.  In  frosty  and  dry  weather  it  acts  very  well  ; 
but  when  the  atmosphere  is  at  all  damp,  it  becomes  coated  with  a  layer 
of  moisture,  which  very  much  impairs  its  insulating  power. 

A  much  superior  insulator  to  glass  is  ebonite,  a  preparation  of  vukan- 
tied  india-rubber,  that  of  late  has  been  much  used. 

Discovery  of  EUciric  Conduction^ — Electric  conduction  was  discov* 
crcd  by  Stephen  Grey  in  1729.  He  found  that  when  a  wire  700  feet 
long,  and  hung  on  loops  of  silk,  was  connected  at  one  end  with  a  glasi 
tube^  and  the  tube  was  rubbed,  the  other  end  of  the  wire  was  electri- 
fied and  attracted  light  bodies.  When  wire  loops  were  substituted  for 
the  silk-loops,  the  electricity  passed  off  through  the  wire*  Hence  origi 
natcd  the  distinction  between  insulators  and  conductors. 

Leu  of  Electric Uy. — All  electrified  bodies  lose  electricity  more  or  Lees, 
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however  carefully  they  may  be  insulated.    Taere  are  two  reasons  foi 
this  :— 

First.  No  insulators  are  perfect.  The  best  insulators,  as  glass  and 
rubber,  conduct  somewhat. 

Secondly.  The  air  is  a  conductor ;  its  conductive  capacity  depends 
upon  the  amount  of  moisture  in  it. 

In  vacuOy  also,  electrified  bodies  lose  their  electricity  more  rapidly 
than  in  air,  on  account  of  the  diminution  of  the  pressure  on  the  insulat- 
ing surface. 

The  human  body,  as  will  be  shown  under  Electro-physiology,  is 
charged  with  electricity,  which  is  conducted  away  by  the  air,  and  not 
unlikely  by  other  conductors. 

Statical  Induction. — An  insulated  conductor^  when  charged  with  either 
positive  or  negative  electricity  ^  acts  on  bodies  placed  near  to  it  Just  as  the 
magnet  acts  on  soft  iron  ;  it  attracts  the  opposite 
and  repels  the  same  kind  of  electricity,  Tliis  may 
be  shown  in  the  following  manner  :  A  brass  cylin- 
der (Fig.  4),  rounded  at  either  extremity,  is 
I  I  insulated  by  means  of  a  glass  rod.     Two  pith- 

11  I  balls  are  suspended  by  cotton  thread  from  each 

^^^     €Blli^      ^^'^'     ^^  ^^  insulated  ball  charged  with  positive 
Fig.  4.  electricity  be  brought  in  close  proximity  to  the 

brass  cylinder,  the  pith-balls  will  diverge,  show- 
ing a  disturbance  of  the  electrical  equilibrium  in  the  cylinder.  So  soon 
as  the  charged  ball  is  withdrawn,  the  pith-balls  hang  down  as  before, 
showing  that  the  electrical  disturbance  in  the  cylinder  depended  on  the 
presence  of  the  charged  ball,  and  was  merely  temporary. 

If  a  small  disk  of  insulated  gilt  paper  be  brought  in  contact  with 
the  end  of  the  cylinder  next  the  charged  ball,  and  then  approached 
toward  an  electrometer,  the  needle  will  indicate  that  the  disk  has  re- 
ceived —  electricity. 

If  the  experiment  be  tried  with  the  opposite  end,  -h  electricity  will 
be  transmitted  to  the  gilt  disk. 

It  is  thus  seen  that  -f  electricity  of  the  charged  ball  causes  the  near 
end  of  the  cylinder  to  assume  a  —  condition ;  while,  according  to  a 
universal  law,  that  no  —  electricity  can  be  excited  without  an  equal 
amount  of  positive  electricity,  the  opposite  extremity  becomes  -f .  The 
phenomenon  thus  described  is  called  induction^  or  influence  ;  and  while 
in  this  peculiar  electrical  condition  the  cylinder  is  said  to  hQ  polar* 
ized. 
Induction  and  Conduction  compared. — We  ha  /e  seen  that  a  body  maj 
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be  charged  with  electricity  both  by  conduction— diCiudX  contact— and 
by  induction  at  a  distance.  In  conduction,  the  first  body  loses  a  part 
of  its  electricity ;  in  induction  it  does  not.  in  conduction,  the  elec 
tricily  given  to  the  body  is  the  same  as  tliat  which  gives  it;  in  indue* 
tion,  it  is  of  the  opposite  kind.  In  order  to  impart  electricity  by  con* 
dactioDf  the  body  must  be  insulated  ;  to  impart  electricity  by  induction, 
the  body  must  be  for  the  time  in  connection  with  the  earth.  Bad  con 
ductors  aie  acted  on  by  induction  slowly^  but  retain  their  electricity 
longer  ;  just  as  steel  which  is  slowly  magnetized  becomes  ^permanent 
magnet,  while  soft  iron,  which  is  rapidly  magnetized,  soon  loses  its 
magnetism.  There  is  a  limit  to  the  conductive  capacity  of  every  elec- 
trified body  ;  when  this  limit  is  reached,  it  ceases  to  have  any  effect  on 
the  second  body» 

J)isirtbt4tion  of  Electricity, — It  is  evident  that  the  greater  the  surface 
over  which  electricity  is  diffused,  the  less  is  its  power  or  intensity  at  any 
given  point. 

Electricity  docs  not  penetrate  to  the  interior  of  metallic  conductors^  hut 
iijffuses  itsclj  over  the  surface. 

Experiment  proves  diis.     Let  a  brass  ball  be  charged  with  electricity, 


/I 


Fig.  5. 

dLiid  5usi)ended  by  a  silk  thread,  and  then  covered  with  two  hemisphen- 
cal  surfaces  of  brass^  which  exactly  fit  it  When  the  hemii^pheres  are 
withdrawn,  it  will  be  found  that  they  afe  charged  with  electricity,  which 
has  been  entirely  taken  from  the  brass  ball. 

Faraday  illustrated  this  truth  by  a  beautiful  and  original  experiment 
with  a  conical  bag  of  cottoa  gauze,  around  the  opening  of  which  an  in- 
aulated  ring  was  attached^  The  bag  was  held  distended  by  means  of  a 
silk  thread  attached  to  the  apex,  and  then  charged.  By  the  proof-plane, 
b-  found  that  the  charge  was  wholly  on  the  outside.  The  bag  was 
tiien  turned  inside  out  by  pulling  the  thread  the  other  way,  when  it  was 
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found  that  the  electricity  had  changed  sides,  and  lay  uholly  on  the 
outside. 

Density. — The  quantity  of  electricity  on  a  given  surface  at  any  momem 
is  called  electric  density^  or  thickness. 

The  shape  of  a  body  has  an  influence  in  the  distribution  of  electricity 
over  il. 

In  an  ellipsoid,  for  example,  the  density  is  greatest  at  the  small  end 
and  least  at  the  middle  space. 


Fia.  & 


On  an  insulated  cylinder,  with  the  two  hemispheres  at  the  ends,  the 
density  of  the  electricity  is  greatest  at  the  ends.  On  a  circular  disk, 
the  density  is  greatest  at  the  edges.  The  tendency  is  for  electricity  to 
accumulate  at  points.  On  a  sphere  the  density  is  uniform ;  the  further 
removed  a  body  is  from  a  sphere  the  more  irregular  the  distribution. 

In  all  pointed  rods  the  electricity  accumulates  at  the  pointed  ex- 
tremities ;  hence  lightning-rods  are  made  to  terminate  at  sharp  points. 
In  electro-physiology  and  electro-therapeutics  it  is  found  that  small, 
pointed  electrodes  cause  much  more  pain,  the  strength  of  the  current 
being  the  same,  than  large,  broad  electrodes.  Hence,  except  in  those 
cases  where  it  is  desired  to  confine  the  action  of  the*  current  to  a  very 
limited  surface,  electrodes  of  pretty  good  surface  are  desirable. 

Electric  Machines. — This  term  is  exceedingly  vague.  It  is  applied 
to  any  and  all  forms  of  electrical  apparatus.  The  first  electric  machine 
was  made  in  1672,  by  Otto  von  Guericke,  of  Magdeburg.*  It  consisted 
of  a  globe  of  sulphur,  turned  on  its  axis  by  one  hand  and  pressed  against 


*  Fxperimenta  Nova.     Magdeburgica. 
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the  other  hand.     Afterward    a   glass   cylinder  was   used    instead   of 
iuiphur. 

In  1740  IVInckler  substittited  cushions  of  horse  hair  as  rubbers.  In 
1 760  Ramslen  substituted  a  circular  glass  plate  for  the  glass  cyhnder. 
The  fonns  of  electric  machines  now  used  are  modifications  of  Rams- 
den's.  This  is  one  of  the  forms  of  apparatus  from  which  we  obtain 
statical  electricity.  Fig,  7  reiiresents  the  common  cylinder  electrical 
biachine,  for  developing  electricity  by  friction. 


M 


Fio,  7, 

Hctt^s  EUctroph&rus  Machine, — The  best  and  most  recent  form  of 
apparatus  for  statical  electricity  is  the  electrophorus  machine  that  was 
invented  by  Holtx,*  of  Beriin,  in  1865.  In  this  machine  the  electricity 
is  generated  not^y  friction,  but,  as  in  the  electrophorus,  by  inductive 
\acticfn.  The  machine  consists  of  two  glass  disks  and  paper  coatings, 
I  with  a  number  of  conductors.  One  of  the  disks  revolves  on  its  axis; 
the  other  remains  immovable.  The  disks  and  paper  coatings  are  cov- 
crcd  vritfi  sealing-wax. 

The  metal  lie  conductors  are  made  in  a  comb-shape.  An  incision  in 
llie  immoval)le  disk,  mlh  the  paper  coating  and  metallic  conductor,  is 
eslled  an  element,  The  machine  may  have  two,  four,  six,  or  eight  of 
these  elements*  When  rotated,  the  paper  coating  becomes  charged  with 
oegadve  electricity ;  the  corresponding  part  of  the  movable  disk  be- 
comes charged  with  positive  electricity.  The  conductor  correspond! 
Do  the  ^nger  of  the  experimenter.     The  length  of  the  spark  produced 


^  A  dmiUr  machuie  was  constructed  about  the  same  time  by  Topler, 
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by  the  machine  depends  an  the  size  of  the  disk,  which  may  be  12,  21, 
or  30  inches  in  diameter.  These  machines  are  also  called  rotaium 
multipUerSy  because  by  their  rotary  motion  they  multiply  by  successive 
transmissions  the  charge  of  electricity  that  they  conimunicare. 


^ 


%^ 
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Electric  Spark. — An  interesting  phenomenon  connected  with  the 
electrical  machine  is  the  electric  spark  which  is  drawn  from  the  con- 
ductor when  the  Bnger  is  presented  to  it. 

The  positive  electricity  of  the  conductor  decomposes  the  electricity 
of  the  body,  attracting  the  negative  and  repelling  the  positive,  and,  when 
the  tension  is  great  enough,  these  opposite  eleclricities  overcome  the 
resistance  of  the  air  and  recombine,  with  a  spark  and  crackling  sound. 
The  spark  is  accompanied  by  a  prickly  sensation.  When  the  spark  is 
Bhort  it  is  straight ;  beyond  two  or  three  inches  in  length  it  becomes 
curved  or  zigzag,  like  the  lightning  in  the  sky. 


ELBdiBRmCOFE. 
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The  human  body  may  be  charged  with  electricity  by  sitting  on  an 
insulating  stool  and  touching  the  conductor  of  an  electrical  machine. 

When  the  body  is  thus  charged,  the  hair  diverges,  a  peculiar  scnsa 
tjon  is  felt  in  the  face,  and  if  any  other  person  standing  on  the  ground 
touches  one  so  diarged,  he  receives  a  spark,  with  a  crackling  sounf* 
and  a  pricking  sensation, 

Electrophorus, — The  electrophorus,  invented  by  Volta,  in  1775,  con- 
sists of  a  metallic  mouldy  filled  with  a  mixture  of  shellac  and  turpentine, 
and  a  movable  raetalUc  cover  that  is  provided  with  a  glass  handle. 
The  surface  of  the  shellac  is  negatively  electrified  by  beating  it  with  a 
cat's  fiir  or  fox-taih  The  cover  is  then  put  on,  and  by  contact  be- 
comes negatively  electrified,  and  ^vif^%  to  the  finger  a  slight  spark  of 
negative  electricity.  If  the  cover  be  now  removed  by  its  insulating 
handle,  it  gives  positive  electricity  to  whatever  touches  it.  This  posi- 
tive  electricity  it  acquires  not  directly  from  the  shellac,  but  by  inductivt 
ad  ion  through  the  air. 

Goid'L^af  El€ciros€op€. — By  this  inst-rument  we  are  enabled  not 
only  to  detect  the  presence,  but  to  determine  the  kind,  of  electricity 
tJiat  may  exist  in  any  body. 

T\%,  9  represents  Bennetfs  electroscope,      B  is  a  tubulated  glasi 


fto.9> 


fthade,  enclosed  at  its  lower  end  by  a  metallic  cover,  by  means  of  which 
it  communicates  with  the  ground*  A  metal  rod»  fining  in  the  tubule  of 
the  shade,  terminates  at  its  upper  extremity  in  a  knob,  C,  ard  at  its 
*  lower  extremity  it  holds  two  narrow  strips  of  gold  leaf.  On  the  inside 
of  the  shade  are  two  strips  of  gold  leaf  reaching  to  the  metal  cover 
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If  a  body  charged  with  either  kind  of  electricity  is  brought  in  contact 
with  the  knob,  the  gold  leaves  diverge. 

Thomson's  Quadrant  Electrometer. — A  far  superior  instrument  for 
all  delicate  researches  is  the  quadrant  electrometer  of  Sir  William 
Thomson.  This  instrument  is  quite  complex,  and  only  in  a  general 
way  shall  we  attempt  to  describe  it  A  delicate  aluminum  needle, 
two  inches  long,  is  hung  by  two  cocoon  threads  in  a  glass  jar,  which  is 
one-sixth  filled  with  sulphuric  acid.  From  the  needle  a  delicate  thread 
of  platinum  drops  into  the  acid.  The  needle  is  thus  free  to  swing  hori- 
zontally a  little  distance,  or  until  the  torsion  of  one  of  the  threads  by 
which  it  is  hung  forces  it  back  to  its  original  position.  Above  the 
needle  a  very  delicate  mirror  is  suspended.  When  the  aluminum  needle 
is  charged  with  electricity,  which  is  conducted  through  the  sulphuric 
acid  and  carried  up  the  platinum  wire,  the  needle  is  repelled  or  at- 
tracted according  as  the  electricity  is  positive  or  negative.  Behind  a 
screen,  at  some  little  distance,  is  placed  a  lamp,  the  light  of  which 
reaches  the  needle  through  a  slit  in  the  screen.  On  the  screen  is  a 
scale  ;  a  very  slight  movement  of  the  needle  is  reflected  by  the  mirror 
above  it  on  the  scale.     An  exceedingly  slight  displacement  of  the  needle 


Fig.  zo. 

will  cause  a  very  large  displacement  of  the  image  reflected  on  the 
scale.  Thus  this  instrument  is  of  great  value  in  very  delicate  researches. 
Leyden  Jar, — The  Leyden  jar  is  made  of  glass,  with  a  coaling  of  tin- 
foil pasted  carefully  inside  and  out,  extending  to  within  a  few  inches  of 
^  the  mouth.  Through  a  varnished  wooden  cover  a  wire,  having  a  knob 
at  top,  is  passed,  and  extends  to  the  inside  coating.  Now,  when  either 
positive  or  negative  electricity  is  communicated  to  the  knob  at  the 
top,  it  is  immediately  diffused  over  the  whole  inside  coating ;  and  by  its 
rnductive  influence  the  outside  coating  takes  on  the  opposite  kind. 


LEYDEN  JAR. 
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When  in  this  stale, — the  two  coatings  being  oppositely  electrified, — 

:)ie  jar  is  said  to  be  charged  ;  and  a  discharge  takes  place  when  a  com- 

ititmicaUon  Is  established  between  the  knob  and  the  outside  coatingi 

the  c*-iuilibrium  being  restored  with  a  bright  flash  of  light  and  a  sharp 

As  the  human  system  is  a  good  conductor,  this  discharge  may  take 
place  tluough  it,  by  grasping  the  outsiile  coating  with  one  hand,  and 
jucliing  the  knob  at  the  top  with  the  other ;  or  several  persons  may 
>rtn  a  line  by  grasping  hands,  the  one  at  one  extreme  touching  the 
outside  coating,  while  the  one  at  the  other  extreme  touches  the  knob. 
Lll  will  feel  the  shack^  as  it  is  called,  at  the  same  instant     While  the 
\x  is  receiving  the  charge,  it  must  not  be  insulated ;  that  is,  the  outside 
lUst  communicate  with  the  earth.     As  the  positive  fluid  collects  on 
le  inside,  the  outside  becomes  negative  by  the  expulsion  of  the  posi- 
ive  fluid  naturally  in  it,  and  the  accumulation  of  the  negative  fluid  in 
y  steady  drawn  from   the  earth.     But  if  the  outside  is  insulated,  these 
fcTs  to  and  from  it  cannot  take  place,  and  therefore  the  jar  cannot 
oe  charged. 
A  submarine  cable  is  really  a  vast  Leyden  jar.     The  wire  constitutes 
the    inUrior  coating,  the  water  the  exterior  coating,  and  the  gutta- 
percha the  insulator  between  them.     On  this  account  the  passage  of 
an  electric  current  through  a  submarine  cable  is  greatly  retarded. 
Hist&ry  of  the  Leyden  Jar. — ^In  October,  1745,  ^  bishop  of  Cammin, 
Poraerania,  Von  Kleist  by  name,  passed  through  a  cork  in  the  neck 
of  a  flask  an  iron  nail  connected  with  an  electrical  machine.     The  flask 

|cx>niained  mercury  or  alcohoL  On  touching  the  nail,  Von  Kleist  re- 
ceived  a  severe  shock.  In  January,  1746,  Cuneus,  Allamand,  and 
Mussdienbroek  passed  a  wire  from  an  electrical  machine  into  a  flask 
fdkd  with  water,  Mussdienbroek  held  the  flask  in  his  right  hand,  and 
irhea  a  turn  was  given  to  the  machine,  he  received  a  spark  from  the 
conductor  with  his  left  hand 
X  The  spark  was  so  terrible  that  he  declared  he  would  not  receive 

^■another  like  it  for  the  French  crown*     He  observed  what  Kleist  did 
^Knot,  tliat  only  the  person  who  held  the  jar  received  the  shock.     In  this 
^pexperiment  the  hand  of  the  observer  corresponded  to  the  outer  coating 
of  the  ordinary  Leyden  jar.     He  was  the  most  scientific  of  the  three 

»I^yden  philosophers  who  have  given  tlie  name  to  the  Leyden  jar. 
The  theory  of  the  Leyden  jar,  and  apparatus  similar  to  it,  was  given 
*ty  Frankh'n  in  1747.     In  the  same  year  Watson,  Bishop  of  LlandaflT, 
sent  a  discharge  from  a  Leyden  jar  through  2,800  feet,  and  subsequently 
through  10,600  feet  of  wire* 
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Experiments  like  these  were  also  made  by  Franklin  across  theSchu>l 
kill. 

For  a  long  time  Franklinic  electricity  was  the  only  form  used  in  electro 
therapeutics.  At  present  it  is  but  little  used  except  in  certain  hos- 
pitals  and  public  institutions.  Its  value  as  a  therapeutic  agent  is, 
however,  unquestioned,  and  now  that  some  of  the  inconveniences 
attending  its  use  have  been  removed  by  Holtz's  machine,  it  is  just  that 
it  should  have  a  fair  and  careful  trial  at  the  hands  of  modern  electro> 
therapeutists. 


CHAPTER  III. 


OALVAMISMi   OR   VOLTAIC   ELECTRXITy. 


Ukder  the  general  term  Dynamical  Electricity  is  included  the  elec 

ity  which  arises,  firsts  from  chemical  action — especially  from  tha. 

Iteoding  tlie  dissolution  of  metals — called  galvanism  or  voltaic  elec- 

ricUy ;    secondly^    from    induction   by   currents   or    magnets,    called 

iiUid  ekctriciiyy  ekciro-magnctismr  or  magneto-electricity ;  thirdly^ 

^m  heat,  caUed  ihermO'electricity,     These  varieties  are  called  dynam* 

tai  electricity,  signifying  electricity  in  motion  as  distinguished  from 

rictionai  qt  statical  electricity,  which  denotes  the  electrical  condition 

jies  in  which  electricity  remains  insulated  or  stationary.     Strictly 

ting,  these  l^im^— dynamical  and  statical — ^are  applicable  to  both 

branches  of  the  science ;  for  if  the  poles  of  a  series  of  galvanic  batteries 

arc  insulated,   they  manifest,  before  the  current  begins,  the  electric 

leusion  of  a  friction  machine*     Again,  the  characteristics  of  the  gal- 

nic  curreat  are  manifested  slightly  in  the  series  of  discharges  which 

liransmitted  in  a  wire  connecting  the  prime  conductor  of  a  machine 

lion  with  the  ground  or  odier  negative  conductor. 
Nature  and  Definition  oj  Force  and  its  Relation  to  Matter, — Force  is 
which  produces  motion.     It  is  itself  a  primary  motion  and  cannot 
ued.     Matter  is  a  collection  of  centres  of  force  called  atoms, 
f  olecules  are  collections  of  atoms.     A  molecule  is  the  smallest  particle 
Uto  which  a  body  can  be  divided  vvithout  losing  its  identity. 
The  molecules  of  a  gas  are  in  rapid  and  continuous  motion,  and  the 
"relative  velocities  in  different  gases  has  easily  been  determined.  These 
motions  and  velocities  are  the  result  of  the  forces  of  which  matter  con- 
sists.    It  must  be  similarly  true  of  liquids  and  solids  :  force  and  motion 
are  the  leases  of  their  constitution.     Indeed,  without  force  matter  would 
jvot  exist  at  all,  for  matter  is  simply  an  aggregation  of  centres  of  forc^. 
Ponderahle  Matter  is  a  form  of  force  which  our  senses  recognize. 
ik^r  pervades  all  matter  and  all  space,  but  it  is  not  recognized  by 
t^nse,  and  yet  it  is  none  the  less  a  manifestation  of  centres  of  force- 
£h:Sr icily  eampared  with  other  Forces. — If  force  be  added  to  mattei 
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the  equilibrium  of  that  point  is  disturbed,  and  the  disturbance  is  prop^ 
gated  from  molecule  to  molecule,  through  matter,  or  ether,  or  both. 
Heat  by  conduction  and  mass-motion  are  of  matter  only.  Heat  bf 
radiation  and  light  are  of  the  ether  only.  Electricity  is  now  regarded 
as  a  movement  of  the  ether,  and  of  the  body  in  which  it  circulates. 
Chemical  action  is  a  rearrangement  of  atoms.  After  this  action  the 
sum  of  the  activities  of  the  molecules  of  the  resulting  product  is  dif- 
ferent from  that  which  its  factors  previously  had.  This  diflference  is 
force,  and  appears  sometimes  as  light,  and  under  certain  conditions  as 
electricity,  but  it  is  rarely  or  never  confined  to  one  mode  of  manifes- 
tation. TAe  condition  for  the  generation  of  electricity  by  chemical  action 
appears  to  be  that  this  action  takes  place  ctt  the  surface  of  a  conductor 
through  which  a  current  {so  called)  can  circulate.  Since  the  current  is 
made  of  motion  of  the  molecules  of  the  conductor  through  which  it 
passes,  and  of  the  ether,  the  nature  of  the  conductor  must  modify  the 
current  itself.  It  is  known  that  the  current  through  a  telegraph-wire 
500  miles  long  meets  the  greater  part  of  its  resistance  in  the  first  100 
miles.  The  current  is  modified  by  the  material  and  length  and  size  of 
the  A^ire. 

The  differential  physiological  eflfects  of  induction-coils  of  different 
lengths  and  fineness  may  thus  be  in  part  explained.  These  differential 
eflfects  will  be  spoken  of  in  the  electro-therapeutical  portion  of  this 
work. 

27ie  Chemistry  of  the  Battery  not  yet  Exact, — Chemistry  can  never 
be  an  exact  science  until  temperature,  specific  heat,  and  matter  are  all 
considered,  and  justly  estimated  in  all  reactions.  This  has  not  yet  been 
accomplished. 

We  are  unable  to  state  a  priori  what  must  be  the  electro-motive  force 
of  the  different  batteries  in  use,  since  that,  as  we  have  seen,  depends 
on  data  hereafter  to  be  determined.  Frequently,  however,  we  are  able 
to  state  which  of  two  reactions  must  evolve  the  greater  force,  and  so, 
under  like  circumstances,  the  stronger  electric  current.  This  is  done  by 
inspection  of  the  electro-chemical  series  of  elements.  That  series,  how- 
ever, must  vary  with  the  temperature,  so  that  it  is  no  sure  guide. 

Office  of  the  Water  in  the  Battery, — The  water  used  in  all  common 
batteries  serves  as  a  solvent  of  the  salt  formed  in  the  reaction.  When 
the  water  used  becomes  saturated  by  this  salt  the  current  stops,  and  it 
declines  in  power  as  the  solution  approaches  saturation. 

Office  of  the  Metals  in  the  Battery. — Of  the  two  metals  in  any 
battery  one  only  enters  into  the  reaction.  Zinc  has  generally  filled  that 
place  in  all  the  best-known  batteries,  because  it  is  nearer  the  negative 
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ad  of  the  electro-chemical  series  than  any  other  common  and  conve- 
[lient  metal.  Poiassiiim  or  socliam  would  he  the  beau  ideal  of  the  negative 
acta],  but  they  are  not  cotivenient  or  practicable.  Any  metal  or  con- 
iuctor  which  is  not  acted  on  by  the  fluid  in  which  it  is  immersed  may 
capjr  the  other  place  in  tlie  couple. 

Ail  naodem  research  tends  toward  the  conclusion  that  the  different 
asof  electricity  which  we  variously  distinguish  as  magnetism,  Frank- 
^mism,  galvanism^  tlectro-magnetism^  are  but  expressions  of  one  force, 
ihlch  force  is^  as  we  have  seen,  but  a  mode  of  motion  of  the  universal 
etbcT.  Very  recently  a  European  physicist  has  estimated  the  electro- 
motive  force  of  Holtjc's  machine,  and  has  expressed  it  in  a  mathematical 
urni,  so  that  it  may  be  compared  with  the  ordinary  galvanic  batteries. 

In  the  present  chapter  we  shall  speak  of  the  form  of  electricity  that 
\  generated  by  chemical  action — galvanism  or  voltaism.  Analogy  and 
experience  make  it  more  than  probable  that  all  chemical  action  whaiso- 
ver  is  attended  with  the  evolution  of  electricity ;  and  reasoning  still 
ther  we  may  believe  that  all  molecular  disturbance^  however  excited, 
»usl  give  rise  to  electrical  disturbance.  The  play  and  interplay  of 
riectrical  phenomena  are  incessant  and  infinite ;  electrical  force,  like 
I  gravity*  is  everywhere  being  generated  and  everywhere  acting. 
unable  to  detect  the  electricity  generated  by  chemical  action 
Jy  under  certain  conditions,  or  when  generated  in  comparatively 
:  quantities,  it  is  because  of  the  imperfections  of  our  knowledge  and 
lie  want  of  sufficient  refinement  in  our  apparatus  for  collecting  and 
measuring  electricity. 

As  a  matter  of  experience  it  is  found  that  chemical  electricity  is  most 
conveniently  generated  by  the  reactions  that  take  place  betw^een  two 
metais  and  some  acid  solution,  and  as  a  matter  of  convenience  and 
Domy  zinc  is  the  metal  at  the  expense  of  w^hich  the  electrical  force 
evolved,  the  other  metals  acting  merely  as  conductors;  but  the 
binations  that  are  actually  employed  by  physicists  are  but  a  fraction 
ase  that  are  possible  and  conceivable. 
Every  year  new  batteries  and  modifications  of  old  batteries  are  de 
;  all  of  them  are  based  on  the  general  principle  that  chemical 
any  sort  whatsoever  is  attended  by  the  evolution  of  elcctri- 


We  present  below  brief  descriptions  of  some  of  the  principal  batteries 
II  are  now  in  use.  All,  or  nearly  all  of  them,  in  their  original  shape, 
or  under  I'arious  modifications,  are  used  in  electro- therapeutics.  We 
thai]  not  attempt  to  exhaust  the  list,  but  to  illustrate  those  that  are  best 
koowOf  most  useful,  and  are  most  tliorouglily  representative.     Those 
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who  understand  the  principle  on  which  these  batteries  are  constructed 
will  not  find  it  difficult  to  understand  any  new  modification  of  them  th:il 
may  arise. 

Here  let  us  interpose  the  remark,  that  the  time  and  energy  that  are 
devoted  to  the  study  of  the  chemistry  of  batteries  will  not  be  wasted 
time — will  indeed  be  spent  most  wisely — for  half  the  annoyances  of 
young  and  old  electro-therapeutists  comes  from  the  difficulty  of  keeping 
their  batteries  in  order.  This  difficulty  will  be  diminished  one-half  and 
more  when  we  really  understand  the  mechanism  of  batteries  and  the 
laws  that  govern  their  action. 

Simple  Galvanic  Circles, — In  the  formation  of  a  simple  galvanic 
circle  there  are  usually  metals  and  a  liquid. 
Fig.  1 1  constitutes  such  a  circle. 

Let  C  and  Z  represent  respectively  plates 
of  copper  and  zinc  introduced  into  dilute 
acid,  and  connected  by  a  wire.  An  electri- 
cal disturbance  takes  place  over  all  the 
surface  of  the  zinc  covered  by  the  liquid. 
Positive  electricity  is  generated  at  the  zinc 
element,  and  flows  through  the  liquid  to  the 
copper,  and  thus  a  constant  current  is  es- 
tablished over  the  wires,  as  shown  by  the 
Fig.  11.  arrows. 

So  far  as  the  galvanic  action  is  concerned, 
it  matters  not  whether  the  plates  touch  each  other  or  are  connected  by 
wires,  as  in  the  figure.  A  current  is  formed,  whether  contact  is  made 
between  the  plates  either  above  or  below  the  liquid.  In  every  instance, 
however,  a  r/rr«// must  be  formed,  around  which  the  electricity  may  flow. 
The  electricity  may  traverse  the  circuit  either  in  a  single  current  or 
in  a  number  of  partial  currents,  into  which  it  may  divide  itself  when 
the  plates  are  brought  in  contact  along  their  whole  surfaces.  When 
the  plates,  or  the  wires  which  connect  them,  are  in  contact,  the  circuit 
is  said  to  be  dosed ;  when  they  are  separated,  it  is  said  to  be  broken,  or 
open.  The  electricity  is  generated  wholly  by  the  chemical  action  of 
the  acid  upon  the  zinc,  and,  other  things  being  equal,  the  quantity  of 
electricity  set  in  motion  will  be  proportional  to  the  extent  of  zinc  sur- 
liace  exposed  to  the  acid. 

The  terms  Electro-positive  and  Electro-negative, — Both  in  simple 
and  compound  circles  the  electricity  always  moves  in  the  liquid  of  the 
battery  from  the  zinc  to  the  copper ;  and  out  of  the  liquid,  from  the 
copper  to  the  zinc.     This  should  be  remembered,  since  the  zinc  is 
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tallfd  the  fitctra positive  element^  although  out  of  the  liquid  \t  it  mga^ 
i$T^;  and,  consequently,  in  the  decomposition  that  occurs  in  the 
battery,  that  element  which  goes  to  the  zinc  pole  is  called  the  electro- 
positive element,  being  attracted  by  its  opposite  force  ;  while  the 
element  going  to  the  copper  is  called,  for  the  same  reason,  the  electro- 
negative— a  current  from  two  liquids  and  one  metal. 

Two  liquids  and  one  metal  can  also  produce  a  circuit  as  well  as  one 
liquid  and  two  metaK  BecquerePs  oxygen  battery  (pile  a  oxyg^ne)  it 
one  of  the  best  arrangements  of  this  kind.  The  current  is  produced  by 
the  action  of  caustic  potash  on  nitric  acid,  platinum  forming  the  con- 
ducting arc 

Homogeneity  of  the  Galvanie  Circuit. — In /r;r//^7/i^/ electricity  there 
are  points  which  form  the  seat  of  +  or  —  electricity.  On  the  con- 
trary, in  a  wire  where  a  galvanic  current  is  circulating,  there  are  no 
such  points.  It  has  no  power,  like  frictional  electricity,  to  attract  or 
repel  objects.  The  wire  feels  and  behaves  no  differently  when  the 
current  is  passing  than  when  it  is  not.  The  wire  conducts  so  much 
better  than  the  air  that  the  current  follows  it.  Its  force  is  the  same  at 
every  point,  in  the  battery  or  in  the  circuit.  Making  interruptions  in 
it  at  different  points,  and  sending  currents  through  solutions  of  sulphate 
of  copper,  the  same  amount  of  copper  is  deposited  at  each  of  the 
places  where  the  interruption  is  made.  If  we  connect  the  several 
breaks  by  pieces  of  platinum  wire,  each  wire  will  be  heated  to  the 
same  temperature. 

In  shorty  the  magnetic-heating  and  chemical  and  other  effects  of  the 
current  are  the  same  at  n*ery  point  in  the  circuit. 

Polarity  of  the  Circuit,^ — If  the  wire  in  which  the  current  runs  be 
cut  or  broken  at  any  point  in  the  circuit,  the  current  ceases  to  flow — 
that  i%  ceases  to  be  dynamic^  but  at  the  tifV'O  cut  ends  there  is  statical 
iUctricity*     One  end  of  tlie  cut  wire  will  be  charged  with  -h   and  the 

^cr  with  —  electricity.     The  amount  of  this  statical  electricity  will 

pend  on  the  original  strength  of  the  current  before  the  interruption 
was  made. 

By  the  condensing  electroscope  it  can  be  shown  that  each  end  of 
the  cut  wire  is  charged  with  an  opposite  electricity,  and  the  amount  of 
this  can  be  estimated*  If  we  take  away  any  part  of  the  wire  entirely 
from  the  circuit,  the  piece  of  wire  taken  away  is  out  of  the  circuit  en- 
tirely ;  but  if  the  ends  of  the  wires  at  each  point  of  interruption  be 
dipped  in  a  fluid  tliat  is  decomposed  by  the  current,  the  circuit  will  be 

in  completed,  and  it  will  be  found  that  the  part  of  the  wire  that  ii 

:n  away  has  opposite  electricities  at  the  ends. 
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Similarly,  also,  the  solution  in  the  battery  and  the  metals  themselvest 
like  the  connectiiig  wire,  are  +  at  one  end  and  —  at  the  other.  The 
circuit  throughout  consists  of  -|-  following  —  and  —  following  +.  It 
appears  to  be  electrically  the  same  throughout. 

Electrical  Relations  of  the  Elements, — In  the  galvanic  cell,  by  tlie 
decomposition  of  the  water,  oxygen  arises  at  the  positive  pole  and 
hydrogen  at  the  negative. 

The  metals  assume  opposite  electricities,  the  zinc  being  positive  and 
the  copper  negative. 

Since  electricities  that  attract  each  other  are  opposite  to  each  other, 
the  substances  that  are  liberated  at  the  positive  pole  are  called  electro- 
negative, and  the  substances  liberated  at  the  negative  pole  are  called 
electro-positive.  Thus,  in  the  decomposition  of  the  battery,  oxygen 
which  is  liberated  at  the  zinc  is  electro-negative,  while  hydrogen  which 
is  liberated  at  the  copper  or  platinum  is  electro-positive. 

The  elements  have  been  arranged  as  to  their  electro-chemical  re- 
lations when  associated  in  pairs  in  the  galvanic  cell.  According  to 
recent  chemistry,  atoms  are  arranged  in  two  classes,  according  to  their 
combining  power.  Positive  atoms  are  those  which  are  attracted  to  the 
negative  electrode  in  electrolysis,  and  whose  hydrates  are  bases. 
Negative  atoms  are  those  that  are  attracted  to  the  positive  pole  in 
electrolysis,  and  whose  hydrates  are  acids.  The  electro-chemical  seriei 
are  presented  below  : 


Electro-  Chem ical  Series. 


Negative  end  — . 

Silicon. 

Zinc. 

Oxygen. 

Hydrogen. 

Manganese. 

Sulphur. 

Gold. 

Lanthanum. 

Nitrogen. 

Osmium. 

Didymium. 

Fluorine. 

Iridium. 

Cerium. 

Chlorine. 

Platinum. 

Thorium. 

Bromine. 

.Rhodium. 

Zirconium. 

Iodine. 

Ruthenium. 

Aluminum. 

Selenium. 

Palladium. 

Erbium. 

Phosphorus. 

Mercury. 

Yttrium. 

Arsenic. 

Silver. 

Glucinum. 

Chromium. 

Copper. 

Magnesium. 

Vanadium. 

Uranium. 

Calcium. 

Molybdenum. 

Bismuth. 

Strontium. 

'iJC^Bi 
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TungsteiL 

Tin. 

Barium* 

Boron. 

Indium. 

Lithium. 

Cajbon. 

Lead- 

Sodium, 

Antimony* 

Cadmium, 

Potassium. 

Tellunum. 

Thallium. 

Rubidium. 

Tantalum, 

Cobalt 

Caesium. 

Columbium. 

Nickel 

P&siiivi  end  +. 

Titanium. 

Iron. 

. 

Each  atom  of  any  of  the  substances  in  this  list  is  positive  to  any 
I  »tom  of  any  substance  above  it,  and  negative  to  any  one  below  it 
[These  distinctions  are  therefore  purely  relative. 

^hus,  for  example,  copper^  when  associated  in  a  galvanic  pair  in  the 

I  proper  fluid  with  any  one  of  the  elements  below  it,  generates  positive 

I  electricity  and  becomes  electro- positive,  but  when  associated  with  any 

[one  of  the  elements  above  it,  becomes  electro  negative. 

U^The  more  electro-negative  any  one  of  the  elements  in  this  series  is 

a  given  element,  the  more  intense  w^ill  be  the  current  generated 

[when  they  are  united  in  a  galvanic  pair.     For  exajajjle,  the  current 

oerated  by  zinc  and  copper  is  feebler  than  that  obtained  from  zinc 

platinum,  and  the  current  is  less  when  carbon  is  sqbstituted  for 

lie  platinum.     The  order  in  the  above  arrangement  is,  however,  by  no 

Tineans  absolute.     The  relative  position   of  the   metals   depends  fre- 

,  quently  on  the  liquid  in  which  they  are  immersed.     Thus  silver  is  — 

|foward  lead  in  a  solution  of  dilute  sulphuric  acid,  while  in  a  solution 

^^anide  of  potassium  it  is  +  toward  it 

tmalgarnation. — If  pure  zinc  is  immersed  in  dilute  sulphuric  acid 
'tvo  change  is  manifest,  while  ordinary  commercial  zinc  is  quickly  dis- 
I solved  by  it     The  action  of  the  dilute  acid  or  zinc  is  due  to  the  ini- 
Ipurities  of  iron  or  lead  which  it  contains.     These  impurities  are  electro- 
negative  toward    zinc,  and  they  cause  locai  currents   of  thctrklty. 
When   the   battery  is   closed,  these  local   currents  interfere  with  the 
action  that  produces  the  main  current ;  when  the  current  is  open,  they 
j^Kinay  still  keep  up  their  action,  as  is  evidenced  by  the  bubbling  up  of 
^■ihe  gases,  and  thus  the  zinc  may  be  in  time  destroyed. 
^H     Now,  local  action  in  a  single  battery  cell,  arising  from  the  above 
^V causey  not  only  consumes  the  power  of  that  member,  but  reduces  the 
V  energy  of  the  whole  series.     In  order  to  avoid  this  evil,  resulting  from 
local  action*  it  is  necessary  that  the  zinc  plates  be  amalgamated  with 
nercury.      The  amalgamated   surfaces  are    reduced   to  one  uniform 
cJectfical  condition^  like  pure  zinc,  and  will  remain  in  the  fluid  for  aaj 
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lenrr.  of  fme  Ti=2ct«i  oc  nndl  connected  with  tfie  electro-negative 


A:  ±-  c  resect  ti^c  iZ  improred  batteries  are  coDstracted  with  amaJ- 

/r'-cr  .V  jrzjJiJwjff  Zr>». — ^To  amalgamate  zinc,  first  immerse  it  in  a 
st'-non  c:  cLI-re  5::Ij,fcarlc  add  of  almost  any  strength,  so  as  to  clean 
fhe  sciniice :  then  dip  ::  i-  neTcurr,  or  poor  mercury  over  it,  and  rub 
i:  •:  -  w-.th  a  br^sh  or  5po-ge  or  doth.  The  mercury  will  spread  very 
nt-  ii'.y  ever  the  siirfice  of  the  zinc,  and  give  it  a  bright,  mercuiy-like 
a^7<irar.ce. 

The  in  o:  imi^riniann^  zinc  is  of  great  practical  importance  to  the 
electro-thera^^rj-rlst,  sirce  nearly  all  the  batteries  in  common  use  have 
zii:c  f3r  one  of  the  n:eta's.  Amalgamated  zinc  was  first  used  for  gal- 
vanic batteries  *:y  Kemp,  in  1S26. 

Chemical  AciL^n  t'.t  Origin  of  the  Current, — When  the  electrically 
opposite  metjia — zinc  and  platinum,  for  example — are  dipped  in  acidu- 
lated water  and  unite^i  at  their  ends,  either  directly  or  by  a  wire,  the 
zinc  has  so  strorgan  attraction  for  the  oxj-gen  of  the  water  that  if  unites 
with  it  and  terms  the  oxide  o\  zinc  This  oxide  of  zinc  combines  with 
the  sulphuric  acii  and  forms  sulphate  of  zinc.  The  hydrogen  of  the 
water  escai>es  in  the  form  o\  gas  at  the  platinum.  The  result  of  this 
chemical  action  is  a  current  of  electricity.  The  zinc  (the  electro- 
negative element)  dissolves,  and  the  quantity  of  electricitj-  generated 
is  proportioned  exactly  to  the  quaniit}-  of  zinc  dissolved. 

It  had  been  supposed  by  Volta  and  his  followers  that  simple  contact 
of  the  metals  was  all  that  was  necessarj'  to  excite  the  current ;  but 
Faraday  showed,  by  two  ver}-  beautiful  experiments,  that  mere  contact 
was  not  sufficient — that  there  must  be  chemical  action  in  the  cell  in 
order  to  obtain  a  current.  It  is  possible  that  all  chemical  actions  are 
attended  with  the  generation  of  electricity  ;  but  only  under  certain  con- 
ditions, or  when  the  amount  is  considerable,  are  we  able  to  detect  it 

In  7i'/iat7i'ay  does  Chemical  Action  generate  the  Current  I — In  science 
it  often  happens  that  the  simplest  and  easiest  questions  are  the  hardest 
to  answer.  Just  how  the  current  is  excited  by  chemical  action  we  do 
not  fully  know.  We  know  that  when  the  different  metals  touch  each 
other,  the  positive  electricity  will  go  to  one  metal  and  the  negative  to 
the  otlicr.  This  disturbance,  however,  is  only  momentary,  and  equili- 
brium is  at  once  restored,  and  no  current  continues. 

Now  we  may  regard  the  atoms  of  oxygen  and  hydrogen  that  make 
up  a  molecule  of  water  as  charged  with  opposite  electricities,  like  two 
different  metals.     When  zinc  and  platinum  are  dipped  in  water,  the 
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asitively  charged  atom  will  turn  toward  one  metal  and  the  negative 
toward  the  other ;  but  as  long  as  the  metals  do  not  touch  each  other 
the  equilibrium  is  at  once  restored*  and  there  is  no  current  The  free 
ends  of  the  metals  are  in  a  state  of  electric  tension,  and  are  capable 
of  discliarging  themselves  into  a  condenser  or  Leyden  Jar.  When  the 
metals  are  made  to  touch  each  other^  or  are  eonnected  by  unreLy  they  are 
relieved  of  their  charge,  and  again  become  charged  :  then  again  relieve 
themselves,  and  so  on  indefinitely.  There  is  no  equilibrium  established. 
but  a  constant  effort  to  establish  it,  which  never  succeeds.  This  con 
slant  effort  to  establish  an  equilibrium  keeps  up  the  currenL 

ElettrieHy  a  Mode  of  Motion. — Although,  for  the  sake  of  convc- 
nience,  we  speak  of  electricity  as  a  current  flowing  in  certain  direc- 
tions, after  the  manner  of  a  river,  yet,  as  we  have  already  said,  we 
should  not  thereby  be  led  into  the  error  of  supposing  that  the  elec- 
tricity is  a  real  fluid  flowing  through  different  substances,  or  from  one 
substance  to  another. 

Mlectricity  is  a  disturbance  propagated  in  the  Molecules  of  a  body^ 
and  at  the  same  time  in  the  Ether  pervading  that  body, — The  theory  that 
light  was  caused  by  the  emission  of  particles  from  the  sun  was  aban- 
doned long  ago ;  and  now  the  theory  that  light  consists  of  undulations 
of  ether  i«s  considt^red  to  be  as  impregnable  as  the  theory  of  gravitation. 
Similarly  we  may  believe  that  electricity  consists  of  movements  of  a 
different  kind  from  those  of  light,  but  which  ts  variously  modified  in  its 
manifestations  by  the  substances  through  which  it  circulates. 

The  impulse  or  movement  that  constitutes  what  we  call  the  current 
may  be  regarded  as  simply  a  mode  of  morion. 

Polarity  of  Electrictty. — Polarity,  ot  properties  in  opposite  directions^ 
is  not  peculiar  to  electricity.  Light  and  heat  may  also  be  polarised, 
ajid  chemical  attractions  and  repulsions  are  likewise  manifestations  of 
the  polar  qualities  of  atoms.  We  may  gather  a  definite  idea  o^  the 
nature  of  electricity  and  the  character  of  the  so-called  "current"  by  the 
following  ilhisrrarion :  Let  a  tube  be  filled  with  balls,  all  of  which  are 
aitracted  to  each  other.  If  the  first  ball  is  ttu-ned  round  on  its  centre, 
it  will  turn  in  a  similar  way  the  next  ball,  and  so  on  through  the  whole 
series.  There  is  here  no  progress  of  a  material  current,  but  simply  a 
motion. 

if  the  motion  is  rapidly  repeated  through  the  attempt  of  electricity  to 
find  an  equilibrium,  we  have  what  we  call  an  electrical  cm  rent. 

Electricity  convertible  into  the  other  Great  Forces, — ^We  sec  in  thif 
section  on  electro-physics  many  illustrations  of  the  transformation  of 
one  force  into  another.     If  we  start  with  heat,  we  find  that  it  prc^ 
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duces  e'.ectricity,  and  through  electricity  produces  chemical  action« 
magnetism,  and  light.  If  we  start  with  magnetism,  we  find  that  it 
produces  electricity,  and  through  electricity  heat,  chemical  action,  and 
light.  If  we  start  with  chemical  action,  we  find  that  it  produces  heat, 
light,  and  electricity.  If  we  start  with  electricity,  we  find  that  it  pro- 
duces magnetism,  heat,  ligKt,  chemical  action,  and  motion. 

Conversion  of  Electricity  into  Heat,  The  Electric  Light, — By  the 
law  of  the  correlation  of  forces  the  electricity  generated  in  a  battery 
may  be  converted  into  heat.  This  heat  may  remain  in  the  battery  or 
be  transferred  to  any  part  of  the  circuit.  In  order  to  convert  the  elec- 
tricity into  heat  it  must  pass  through  some  poor  conductor  that  resists 
its  passage,  and  thus  compels  it  to  appear  as  heat.  With  ordinary 
thick  copper  wire  there  is  but  little  sensible  heat  in  the  passage  of  a 
current,  because  copper  wire  is  a  good  conductor ;  but  when  platinum 
wire,  which  is  a  poor  conductor,  is  used,  it  is  raised  under  a  strong 
current  to  white-heat.     This  has  been  utilized  in  galvano-cautery. 

In  the  electric  light  the  heat  is  transferred  to  carbon  points  interposed 
in  the  circuit.  Particles  of  carbon  become  incandescent,  and  are  volatil- 
ized  and  transported  from  the  positive  to  the  negative  pole.  A  metal 
or  other  substance  may  give  an  electric  light,  but  carbon,  on  account  of 
its  friability,  gives  a  better  and  stronger  light  than  any  other  substance. 
The  electric  light  was  invented  by  Sir  Humphry  Davy  in  1813. 

Compound  Galvanic  Circles, — The  compound  galvanic  circle,  or  gal 


Fig. 


va^fic  battery,  is  composed  of  two  or  more  simple  galvanic  circles.  Tliey 
are  so  connected  together  that  the  copper  of  one  battery  is  joined  to 
the  zinc  of  the  next,  and  so  on  throughout  the  series.  By  combining 
together  a  number  of  cups,  such  as  are  represented  in  Fig.  12,  we  form 
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an  excellent  compound  circuiL  Each  cup  contains  a  zinc  and  a  coppei 
plale,  which  are  connected  together  as  described  above.  By  examining 
this  arrangement,  it  will  be  seen  that  one  extreme  of  ihe  series  is  cop- 
per and  the  aiher  zinc*  If  these  two  extremes  or  poles  are  connected 
by  a  copper  wire,  the  current  will  flow  in  the  direction  of  the  arrows, 
both  through  the  series  and  over  the  wires. 

Derived^  tfr  Partial^  qt  Branch  Car  rents, — When  a  current  in  its 
passage  through  any  conductor  meets  with  different  qualilies  of  resist- 
ancei  it  subdivides  into  various  branch  currents.  In  Fig.  13  the  cur- 
rent goes  from  the  elements  through  the  wire  r,  g^  /,  «,  m  \  but  if  a 
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second  wire,  n^  x,  g  be  interposed,  the  current  will  divide  at  ^,  % 
part  going  by  way  of  g  and  part  around  through  jc,  n.  The  divided 
cunents  which  go  through  the  wires  are  called  derived  or  partial  cur- 
rents. If,  instead  of  one  or  two  wires,  a  large  number  were  intcr[)osed, 
the  current  w*ould  subdivide  itself  as  many  times  as  there  were  wires, 
part  going  through  each  wire. 

In  thus  dividing  into  derived  or  partial  currents,  two  laws  are 
obeyed ; 

1st*  77ie  sum  of  the  strength  of  ihe  divided  current  is  equal  to  the 
strength  of  the  principal  mrrent.  If  (in  the  figure)  the  strength  of  the 
current  g^  /,  n  is  40,  and  gy  jr,  n  is  60,  then  the  strength  of  the  prin- 
cipal current  in  r,  g^  before  division,  is  100. 

ad*  The  strength  of  the  currents  in  the  divided  parts  is  inversely 
OJ  the  resistance  in  those  parts.  This  law  supplements  the  first.  Re- 
ti^ance  is  directly  as  the  length  and  inversely  as  the  diameter. 

If  the  derived  wires  are  of  the  same  length  and  diameter  as  the  prin- 
cipal wire,  then  the  current  will  divide  into  equal  parts  between  them. 
If  the  derived  wires  are  of  the  same  length  as  the  principal  wire,  but 
of  unequal  diameters,  the  current  will  divide  unequally,  according  to 
the  diameter  of  each  wire*  The  law  may  be  illustrated  by  thinking  of 
the  course  that  rivers  pursue  when  they  are  subdivided  or  split  up  into 
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deltas.     The  quantity  of  water  that  flows  through  all  the  subdrvislons 
"or  deltas  would  be  equal  to  the  quantity  that  flowed  through  the  naaia 
fitream  before  the  divisions  took  place.     If  the  subdivisions  are  of  dif- 
ferent sizes,  the  deepest  and  widest  will  convey 
the  most  water. 

When  electricity  passes  through  the  human 
body  it  encounters  tissues  that  differ  considerably 
in  iheir  conductivity,  and  hence  it  subdivides  into 
an  infinite  number  of  derived  or  partial  currents, 
the  strength  of  which  varies  with  the  nature  and 
length  of  the  tissues.  This  point  will  be  further 
illustrated  in  electro-physiology  and  electro- thera- 
peutics. 

Description  of  Galvanic  Batteries. — ^Under  this 

head  may  properly  be  included,  first,  a  description 

of  the  voltaic  pile^  which  was  constructed  by  Volta 

in  1799,  and  became  known  in  England  in  iSoo. 

The  apparatus  consists  of  a  number  of  disks  piled 

one  above  the  other.     The  arrangement  is  in  die 

following  order :  A  disk  uf  copper  is  placed  on  a 

frame  of  wood)  a  disk  of  ctotli,  moistened  by 

acidulated  water,  is  then  placed  on  the  copper, 

and  then  a  disk  of  zinc  on  the  cloth  completes 

what  is  called  the  voltaic  couple.     A  series  of 

such  couples  constitutes  a  voltaic  pile — the  tcr^ 

niinal  copper  being  the  positive  and  the  terminal 

zinc  the  negative  pole. 

This  apparatus  is  inconstant  and   unreliable,  easily  corrodes,   has 

many  inconveniences,  and  is  now  but  little  used-  Various  modifications 

of  the  voltaic  pile  have  been  devised,  but  all  of  them  are  too  inconstant 

for  electro-therapeutical   purposes,   or  indeed   for  any  sustained   use 

whatsoever. 

Polarization  in  Batteries. — When  two  metals,  as  zinc  and  platinum^ 
are  placed  in  acidulated  water,  the  platinum  plate  becomes  covered 
with  a  film  of  hydrogen.  This  hydrogen  is  electro-positive,  like  iinc, 
and  so  when  the  platinum  becomes  well  covered  we  have  electroposi* 
live  zinc  opposed  to  electro-positive  hydrogen,  and  thus  the  current  be- 
comes enfeebled,  if  not  destroyed-  This  polarization  in  batteries  is  pre- 
vented in  two  ways : 

1st.  By  keeping  the  liquids  in  constant  agitation.  Blowing  into  the 
liquid  with  a  bellows,  or  stirring  the  liquid  by  any  mechanical  arrange 
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ment,  keeps  the  surface  of  the  plarinuni  or  carbon  free  from  hydrogen, 
and  thus  prevents  the  weakening  of  the  current. 

Dr,  Byrne,  in  his  galvano-cautery  battery  (to  be  described  in  the  sec- 
tion on  Electro-surgery),  has  availed  himself  of  this  depolariiing  power 
of  mechanical  agitation,  and  has  thus  succeeded  m  obtaining  a  great  and 
enduring  quantity  of  electricity  from  a  comparatively  small  surface. 
On  the  same  principle  we  explain  the  fact  that  lifting  the  metals  out 
■Hof  the  liquid  for  a  moment  or  two  at  once  increases  the  strength  of  the 
^Pcurrent     While  in  action,  the  hydrogen  accumnlates  on  tlie  platinum  ; 
by  removing  the  metals  from  the  liquid  an  instant,  the  hydrogen  escapes 
and  the  battery  is  as  good  as  ever. 

2d,  By  tiie  use  of  two  liquids.  The  cells  of  Gro\e,  Daniells,  and 
Bunsen,  to  be  hereafter  explained,  are  constructed  so  as  to  avoid  polari^ 
cation  of  the  metals. 

fff/ariia/wn  t?/  Electrodes  and  Currents  of  Polarization, — The  elec* 
^brodes  that  convey  the  current  through  acidulated  water  also  become 
^Kpolarized 

^p  Oxygen  covers  the  positive  and  hydrogen  the  negative  electrode. 
^^ Hydrogen  being  electropositive,  and  oxygen  electro-negative,  these 
two  gases  act  like  two  metals,  and  if  the  current  of  the  battery  be  bro- 
ken and  the  two  films  of  oxygen  and  hydrogen  are  connected  metalli* 
illy,  an  electric  current  is  obtained,  just  as  a  current  is  obtained 
l>etween  zinc  and  platinum.  In  the  liquid  the  current  flows  from  the 
rWm  of  hydrogen  to  the  film  of  oxygen.  Two  electrodes  covered  in 
tills  way  with  fihns  of  gas  are  called  polarized^  and  the  currents  gene- 
iied  by  these  are  called  the  currents  of  polarization.  These  currents 
fof  polarization  are  always  in  a  direction  opposite  to  the  main  current, 
:id  tend  to  interfere  with  and  weaken  it.  This  polarization  of  the 
Jectrodes  takes  place  more  or  less  in  all  applications  of  the  galvanic 
current.  One  evidence  of  this  is  the  discoloration  of  the  electrodes 
^thal  are  employed  in  electrization  after  long  use.  To  meet  this  difficulty 
MnpolaritabU  electrodes  have  been  devised.  These  will  be  described 
inder  Electro  therapeutics. 

Secortdary  Piles  and  Gas-Batteries, — ^If  a  series  of  plates  of  plati- 
aum,  with  moistened  cloths  between  theni^  be  connected  with  the  poles 
5f  a  battery*,  the  gases  (oxygen  and  hydrogen)  resulting  from  thedecom- 
Dsition  of  the  water  accumulate  in  films  on  the  platioum*     If  now  the 
P series  be  separated  from  the  battery,  it  will  itself,  through  the  action 
between  these  films  of  gases,  generate  a  current.     A  pile  thus  formed 
.  called  a  secondary  pile.     It  was  discovered   by  Ritter.     The  gas- 
battery  of  Grove  is  constructed  on  the  same  principle.     The  gases  are 
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collected  in  glass  tubes,  oxygen  in  one  and  hydrogen  in  the  other,  aud 
in  each  tube  is  fastened  a  platinum  electrode.  The  tubes  are  inverted 
over  sulphuric  acid.  When  the  electrodes  are  connected  with  a  gal- 
vanometer a  current  is  indicated,  the  direction  of  which  is  from  oxygen 
to  hydrogen. 
There  are  two  general  varieties  of  batteries,  double  and  single  cell 
Double-cell  Constant  Batteries, — ^The  current  produced  by  elements 
with  a  single  liquid  becomes  rapidly  enfeebled,  because  of  the  polariza- 
tion. This  polarization  is  prevented  in  the  double-cell  batteries 
of  Daniell,  Grove,  and  Bunsen,  by  placing  the  electro-negative  ele- 
ment in  a  liquid  that  is  acted  upon  chemically 
by  the  deposited  hydrogen.  Currents  from 
these  two-cell  batteries  are  called  constant^ 
because  they  do  not  weaken  so  rapidly  as 
currents  from  single-cell  batteries,  and  the 
metals  can  be  allowed  to  stand  all  the  time 
in  the  solution. 

The  term  constant  is  now  applied  to  the 
galvanic  current,  however  generated,  as 
distinguished  from  the  induced  or  faradic 
current. 

Danielts  Battery, — Fig.  15  represents  a 
single  cell.  V  is  a  glass  or  porcelain  vessel 
nearly  filled  with  a  saturated  solution  of 
sulphate  of  copper.  C  is  a  cylinder  of  cop- 
I)er,  open  at  both  ends  and  perforated  by  a  number  of  holes.  G, 
which  is  also  perforated  by  holes,  is  an  annular  shelf  at  the  upper  por- 
tion of  the  zinc  cylinder,  upon  which  crystals  of  sulphate  of  copper  may 
be  placed  to  supply  the  waste  in  the  cell  caused  by  the  electrical  action. 
P  is  a  thin  porous  vessel  of  unglazed  earthenware,  containing  the 
amalgamated  cylinder  of  zinc  Z,  and  a  solution  either  of  common  sail 
or  dilute  sulphuric  acid.  The  elements  are  connected  in  series  by 
strips  of  copper,  /  and  «,  which  are  fixed  to  the  coi)per  and  zinc  by 
means  of  binding-screws.  When  the  circuit  in  the  battery  just  de- 
scribed is  closed,  an  atom  of  zinc  replaces  and  liberates  from  the  nitric 
acid  two  atoms  of  hydrogen,  thus  producing  sulphate  of  zinc  The 
liberated  hydrogen  replaces  one  atom  of  copper  in  the  sulphate  of 
copper,  which  by  electrolytic  action  is  deposited  on  the  copper  element, 
or  sometimes  on  the  porous  cup.  Polarization  is  the  resistance  to  the 
passage  of  the  current  produced  by  a  deposit  (such  as  hydrogen)  on 
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estlser  of  the  elements.     No  such  deposit  occurs  in  this  battery,  hence 
the  current  is  constant 

Order  of  the  parts  in  Daniell's  sulphate  of  copper  battery:  ist»  zinc  ; 
2d,  sulphuric  add }  3d,  porous  cup ;  4th,  sulphate  of  copper ;  5th, 
capper* 


Zn  +  H,  SO,  +  Cu  SO,  =  Zn  SO^  +  H,  SO,  -f  Cu 


The  current  obtained  from  this  battery  will  flow  with  undiminished 
strength  for  hours,  and,  in  fact,  is  superior  to  all  its  fellows  in  con- 
stancy^  Daniell's  battery  was  invented  in  1836.  The  modifications 
of  Danieirs  battery  are  quite  numerous;  among  them  we  may  men- 
lion  those  of  Hill,  Siemens-Halske,  and  Muirhead. 

Gr^'/s  Battery. — This  battery  differs  from  Danieirs  mainly  in  the 
tibstittition  of  a  nitric-acid  for  a  sulphate-of-copper  solution,  and  pla- 
uni  for  copper,  by  which  increased  electro-motive  force  is  obtained. 
n  Fig*  J 6,  A  represents  a  glass  vessel  containing  dilute  sulphuric  acid, 
a  cyhoder  of  zinc  open  at  both  ends,  and  V  a  porous  pipe-clay  vessel 
artially  filled  wiUi  nitric  acid.     P  is  a  plate  of  platinum,  with  a  cover, 
whiclx  rests  on  the  porous  vessel  when  the  platinum  is  immersed  in 
ic  nitric-acid  solution  ;  b  and  a  are  binding-screws,  which  connect  re- 
pec  tively  witli  the  platinum  and  zinc 
In  tliis  arrangement  a  double  reaction  occurs  between  the  zinc,  sul- 
|jhuric  acid  and  nitric  acid,  giving  as  a  result,  sulphate  of  zinc,  water  and 
itrogen  dioxide,  which  is  disengaged,  and  by  contact  with  the  air  be- 
comes nitrogen  tetroxide.     The  reaction  in  Grove's  nitric-acid  battery 
is  as  fc»liows:  ist^  zinc;  2d,  sulphuric  acid;  3d,  porous  cup;  4th,  nitric 
acid  \  5th,  platinum. 


Zo,  +  (HJSOJ,  +  (HNOJ,  =  (Zn  SOJ,  +  N.O.  +  (H.  O), 


^H  jttst  be  lost  by  the  evolution  of  these  nitrous  fumes.  Prof.  Wolcott 
I^Cibbft,  of  Cambridge,  has  discovered  that  a  small  quantity  of  bichromate 

©f  potash  in  the  nitric-acid  cup  of  Grove's  battery  acts  as  a  deodorizer 
■Kby  taking  up  the  disagreeable  nitrous  acid  fumes.  Thus  one  of  the 
jHinast   serious    objections    to   the     use  of  this    battery    is    removed. 

Grove's  batteiy  was  invented  in  1839*  ^^  is  very  powerful,  and  ii 
3 
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much  used  m  telegraphy.     It  has  also  been  employed  in  galvaiK^ 
cautery. 


Fic  i& 


Bunsen's  Douhk-ceU  Nitric  Acid  Battery, — This  battery  !s   very 

similar  to  Grove's.  It  dififers  from  it  only  in  the  substitution  of  carbon 
for  platinum.  The  letter  P  in  Fig.  17  represents  a  single  element,  ai 
it  appears  when  ready  for  use. 


Fig.  17. 


F  is  a  vessel  of  glass  containing  dilute  stil phone  acid.  Z,  a  cylindci 
of  amalgamated  zinc.  V,  a  porous  vessel  partly  filled  \vith  ordinary 
nitric  acid  ;  and  C^  a  bar  of  carbon  or  coke.  The  zinc  is  first  placed 
in  the  vessel  F»  after  which  the  porous  vessel  V^  into  the  nitric-acid 
solution  of  which  the  carbon  C  has  been  immersed,  is  inserted  into  the 
rinc  cylinder.  The  binding-screws  m  znd  n  are  respectively  the  posi- 
tive and  negative  poles.     The  elements  are  arranged  in  the  form  of  2 
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compound  battery,  by  means  of  the  damp  m  n,  and  a  rod  connecting 
the  carbon  of  one  cell  with  the  xinc  of  the  following. 

Bunsen's  Bichromate  Battery, — In  this  battery  a  solution  of  bkhrih 
maie  of  potash^oTi^  part  to  twelve  parts  of  water — ^is  placed  in  tlic 
porous  cup* 

The  order  of  the  parts  in  Bunsen*s  Bichromate  Battery  is  as  follows ; 

ist,  zinc;  2d,  sulphuric  acid  ;  3d,  porous  cup;  4th,  sulph.  acid  and 
bichromate  of  potash;  5th,  carbon. 

Reaction. 

Zn,  +  (H,  SO,),  4-  K,  Cr.  O,  +  (H.  SO,), 

=  (Zn  SO,),  +  K.  Cr.  (SOj,  +  (H,  O), 

Chrome-alum^  sulphate  of  zinc ^  and  water ^  are  the  products.  The  office 
of  the  porous  cup  is  to  keep  the  bichromate  of  potash  from  the  surface 
of  the  zinc,  and  thus  more  uniformity  and  constancy  of  action  is  attained. 

WTiile  the  action  of  Bunsen's  battery  is  the  most  energetic  of  all  the 
constant  batteries,  and  while  the  first  cost  is  less  than  Grove's,  it  is  yet 
more  expensive  to  work  and  more  inconvenient  to  manipulate.  Bun- 
sen's battery  was  invented  in  1843. 

Walker^s  Single-cell  Ztnc-carbon  Battery,— In  this  battery  carbon 
is  Ftubstituted  for  the  platinum  of  the  Smee  battery,  and  the  solution 
used  is  composed  of  bichromate  of  potash,  sulphuric  acid,  and  water^ 
the  same  as  in  Bunsen's  battery.  The  carbon  is  usually  the  pressed 
and  baked  graphite  of  the  gas-works.  There  is  considerable  differ- 
ence in  the  quality  of  the  carbon  as  sold  in  the  market ;  the  more 
thoroughly  it  is  pressed  and  baked,  the  better  it  will  be.  Carbons  that 
are  poorly  prepared,  or  that  contain  impurities,  easily  become  soaked 
with  fluid  and  the  salts  of  the  solutions,  and  also  generate  local  currents 
that  interfere  with  the  main  current.  Sometimes  the  carbons  are 
platinized,  that  is,  covered  with  finely-divided  platinum,  as  is  the  silver 
m  the  Smee  battery.  The  proportion  of  the  solution  used  in  Walker's 
battery  is  as  follows  ; 

Sulphuric  add, 

Bichromate  of  potash,  aa |L 

Water , , ,       §  xij. 

The  reaction  is  the  same  as  in  Bunsen's  Bichromate  Batterj'  just  de- 
scribed. 

To  prepare  this  mixture,  add  the  sulphuric  acid  to  the  water,  and 
when  this  is  cool^  add  the  bichromate  of  potash  well  pulverized.  Do 
not  immerse  the  elements  in  the  fluid  until  it  is  perfectly  cool^  for  when 
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hot  the  fluid  saturates  the  carbons  and  removes  the  amalgam  from  Ac 
zinc,  and  thus  injures  very  seriously  the  working  power  of  the  battery.^ 
The  proportions  of  sulphuric  acid  and  bichromate  of  potash  above  given 
may  be  varied  more  or  less  as  may  be  desired.  Mathematical  accu- 
racy is  not  required.  If,  however,  the  solution  is  excessively  strong, 
if  the  proportion  of  bichromate  of  potash  and  sulphuric  acid  is  too 
great,  say  two  or  three  times  what  is  here  given,  the  battery  will  wear 
away  very  rapidly  and  a  greenish-black  deposit  will  be  found  in  the 
bottom  of  the  cells.  This  deposit,  which  sometimes  forms  very  hard, 
and  is  difficult  to  remove  without  breaking  the  glasses,  is  the  chrome- 
alum,  and  is  a  result  of  the  decomposition  of  the  salts  and  acids  that 
takes  place  while  the  battery  is  in  action.  Like  the  Smee  battery,  the 
zinc-carbon  battery  will  need  to  be  occasionally  amalgamated,  but,  un- 
like the  Smee  battery,  it  does  not  require  any  mercury  in  each  cell,  and 
the  presence  of  mercury  will  give  rise  to  local  action.  We  speak  thus 
particularly  of  the  simple  zinc-carbon  battery,  because  it  is  one  very 
widely  used  in  electro-therapeutics,  and  it  is  important  that  its  manage- 
ment should  be  well  understood.  The  galvanic  batteries  of  Stohrer,  of 
the  Galvano-faradic  Manufacturing  Company,  and  of  Kidder,  are  moistly 
of  single-cell  zinc-carbon  elements.  The  zinc-carbon  battery,  like 
Smee's^  to  be  hereafter  described,  is  not  constant  If  the  metals  are  kept 
long  immersed  in  the  solution,  the  power  rapidly  goes  down.  It  is 
necessary,  therefore,  to  keep  the  metals  out  of  the  solution^  except  when 
the  battery  is  in  use.  In  this  respect  the  battery  differs  very  much  from 
the  batteries  of  Grove,  Bunsen,  and  Lechanch6,  where  the  metals  are 
never  removed  from  the  solution  except  to  be  cleaned  and  repaired. 

Smee's  Battery, — This  battery,  invented  in  1840,  is  very  economical, 
convenient,  and  easy  to  manage,  and  on  that  account  has  been  con- 
siderably employed  in  electro-magnetic  apparatus.  It  consists  of  a 
plate  of  cornigated  platinum,  or  silver  covered  with  finely-divided  plati- 
num, between  the  two  plates  of  zinc,  in  a  solution  of  sulphuric  acid  and 
water  (one  part  to  ten  or  twelve). 

The  order  of  the  parts  in  Smee's  Sulphuric  Acid  Battery  is  as  follows : 

ist,  zinc;  2d,  sulphuric  acid;  3d,  platinum. 

Reaction, 
Zn  -f  H.  SO^  =  Zn  SO^  +  H, 

♦  It  is  well  known  that  when  sulphuric  acid  and  water  are  mixed,  the  solution  be- 
comes very  hot.  The  explanation  of  this  is,  that  in  mixing,  the  atoms  of  the  water  are 
attracted  to  the  atoms  of  the  sulphuric  acid  ;  in  other  words,  work  is  dofie.  The  vol- 
ume is  diminislied  8  per  cent.,  and  the  heat  that  appears  is  a  result  of  the  work  thiu 
performed. 
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The  chemical  action  of  this  battery  is  more  rapid  than  that  of  the  sul 
phate  of  copp«!r  battery,  because  platinum  is  more  positive  than  copper, 
whose  place  it  occupies  in  the  sulphate  of  copper  battery.     The  dis- 
engagement of  the  hydrogen  is  effected  by  mechanical  means,  but  there 
K  must  be  a  large  loss  of  force  in  changing  hydrogen  to  a  gaseous  state, 
™  precisely  as  force  is  lost  in  changing  water  to  steam. 

llie  object  of  cornigating  the  platinum  plate,  or  making  it  into  folds 
or  farrows,  is  to  give  greater  surface.     The  object  in  covering  it  with 

»  finely -divided  platinum  is  to  roughen  the  surface  so  that  the  hydrogen 
wiW  not  adhere.  It  is  customary  in  using  die  battery  to  keep  about 
half  a  tablespoonful  of  mercury  in  the  bottom  of  the  cu[>,  in  order  that 
the  zincs  may  be  all  the  time  well  amalgamated.     Care  should  be  taken, 

tin  the  preparation  of  this  battery,  to  prevent 
the  mercury  from  collecting  on  the  platinum 
plate.     If  by  any  carelessness  it  does   get 
oti  the  platinum  plate,  it  will  turn  it  to  the 
color  of  mercury,  and  will  w^eaken  or  destroy 
ihc  fojce  of  the  battery.      In  this  battery 
more  or  less  action  goes  on  even  when  the 
^—connections  are  not  made  ;  this  is  evidenced 
^Pby  the  formation  of  sulphate  of  zinc  at  the  top 
^Pof  the  metals  after  they  have  been  long  im- 
^Lniersed.     It  b  therefore  an  advantage  in  using 
^BtKe  battery  to  keep  the  elements  ot/f  of  the  so- 
^miuiwn  when  not  needed.     If  kept  constantly 
^b  tmmersed,  like  Daniell's  battery,  \i  very  soon 

gnoses  its  |K>wer  and  becomes  thoroughly  incnisted  with  sulphate  of  zinc. 
^M  Ltclantk^s  Battery.— }dvinx\^  the  past  few  years,  this  battery  hai 
y  altmcted  great  attention  in  Europe,  both  among  telegraphists  and  elec- 
Iro-thcrapeutists.  The  great  advantage  that  is  claimed  for  it,  where  it 
^ris  not  used  loo  long  at  a  time,  is  that  it  is  far  more  constant  than  any 
^^fother  battery  yet  invented.  The  battery  was  devised  by  Leclanch^,  a 
^  Frenchman,  in  1868,  and  bears  his  name.  A  Leclanche  cell  consists 
,  of,  1st,  a  cylinder  of  zinc  in  a  concentrated  solution  of  chloride  of  am- 
fsoniitm  ;  ad,  a  rod  of  carbon,  packed  with  powdered  carbon  and  na- 
Ibvc  jicroxide  of  manganese  in  a  porous  cell.  The  whole  is  closed  with 
.  co^er  The  chemical  changes  that  take  place  in  a  Leclanche  bat- 
are  these  :  Chloride  of  ammonium  is  decomposed,  chlorine  com- 
Jl>ining  with  the  zinc,  hydrogen  being  absorbed  by  the  oxygen  of  the 
croxide  of  manganese,  and  ammonia  being  liberated.  The  ammonii 
;  absorbed  by  the  water,  but  in  process  of  time  the  water  become* 
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saturated,   then  the  ammonia  escapes  through  the  opening  in  thfl 
cover. 
The  chemical  formula  is  as  follows : 

Zn  +  (CI  NHJ,  +  (Mn  O,),  =  Zn  CI,  +  H.  O  +  (NH,),  f-  Mn.  O, 

I.eclanch6*s  battery  was  first  arranged  for  electro-therapeutics  b) 
Gaiffe,  an  instrument-maker  of  Paris.  It  has  been  modified  by  Tripier, 
the  well-known  French  electro-therapeutist,  by  Keyser  and  Schmidt, 
of  Berlin,  and  a  portable  form  has  been  devised  by  Beetz,  of  Munich. 
Leclanche's  battery  has  one  great  advantage  and  some  disadvantages. 
Its  advantage  lies  in  its  power  of  endurance.  If  not  overworked  it 
will  stand  for  months  and  years,  and  yet  retain  sufficient  power  to  be 
quite  useful  in  electro-therapeutics.  This  is  not  true  of  any  other 
battery;  even  Daniell's,  the  most  constant  of  all,  and  as  variously 
modified,  requires  replenishing  or  cleaning  every  few  months,  else  it 
goes  down  to  nothing. 

Its  disadvantages  are  these  : 

I  si.  It  xdi\i\(S[y  polarizes,  and  so  generates  a  secondary  current  that 
weakens  the  main  current.  This  polarization  only  takes  place  when 
the  battery  is  in  action ;  if,  therefore,  the  battery  is  but  little  used,  or 
only  occasionally,  this  disadvantage  does  not  appear. 

2d.  The  free  ammonia  that  escapes  after  the  water  becomes  satu- 
rated is  ainioying. 

On  account  of  these  disadvantages,  Leclanchd's  battery  has  not  been 
as  popular  among  telegra[)hers  as  was  at  one  time  expected  it  would  be. 
Among  European  electro-therapeutists,  however,  it  is  considerably  used. 
It  is  sometimes  employed  in  electro-magnetic  or  induction  machines. 

Callatis  Iron-zinc  Battery, — In  this  battery  the  positive  plate  is 
zinc  in  dilute  sulphuric  acid;  the  negative  plate  is  iron  in  strong 
nitric  acid.  The  great  practical  difficulty  with  this  battery  is,  that 
under  certain  conditions  it  may  suddenly  and  rapidly  evolve  nitrous 
fumes.  This  complaint  has  been  made  even  by  those  who  have  adopted 
this  form  of  battery  in  electro-surgical  practice.  The  common  explana- 
tion that  the  phenomena  displayed  by  this  battery  are  due  to  the  pas- 
sivity of  iron,  is  not  in  accordance  with  the  more  recent  doctrines  of 
physics.  This  fact  is  a  serious  objection  to  the  use  of  these  batteries 
In  electro-therapeutics.  They  have  been  employed,  however,  for  the 
purpose  of  galvano-cauter)-. 

Wollaston's  Zinc-copper  Battery. — ^This  form  of  battery,  devised  bj 
Wollaston  in  1801,  is  now  pretty  well  displaced  by  modem  improve 
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ents.  It  consists  of  a  copper  vessel,  enclosing  a  solution  of  sulphate 
of  copper,  a  zinc  plate,  or  a  sheet  of  copper  folded  over  a  piece  of 
xinc,  so  as  to  have  both  faces  of  the  zinc  exposed  to  chemical  action, 
and  so  bicrease  the  quantity  of  electricity.  The  two  objections  to  the 
battery  are,  that  it  is  not  constant,  and  the  metals  must  be  kept  out  of 
the  solution  except  when  in  actual  use,  and  tliat  the  zijic  becomes 
rapidly  corroded  with  a  deposition  that  weakens  the  force  of  the  bat- 
tery. This  deposition  must  be  constantly  cleared  and  scraped  ofi^  if 
we  would  keep  up  the  strengdi  of  the  current. 

The  order  of  the  parts  in  the  sulphate  of  copper  battery,  single  cellj 
U  as  follows :  ist,  zinc  j  2d,  sulphate  of  copper ;  3d,  copper. 

RtacHon, 
Zn  +  Cu  SO,  =  Zn  So,  +  Cu 

In  this  battery  any  local  actioi;i  on  the  zinc  will  deposit  metallic 
copper  in  the  fomi  of  a  black  powder  upon  the  zinc,  or  an  oxide  of 
caliper,  which  forms  a  covering  on  the  surface  of  the  zinc* 

For  this  reason  the  zinc  must  be  anialganiated  or  else  frequently 
deaned  Sulphate  of  copi>er  must  be  frequently  added,  so  that  the 
battery  shall  be  charged  wntha  saturated  solution  of  that  salt ;  but  care 
must  be  taken  that  the  solution  of  sulphate  of  zinc  does  not  approach 
saturation. 

The  necessity  of  frequently  cleaning  and  scraping  the  zinc  in  this 
battery  is  a  most  serious  disadvantage,  and  on  that  account  mainly  it  is 
not  to  be  recommended  to  the  electro-therapeutist. 

Waier  Battery. — ^^If  a  large  number  of  cylinders  of  zinc  and  copper 

be  immersed  in  water  in  glass  jars,  and  are  properly  protected  from 

light  and  dust,  a  current  of  electricity  will  be  produced     A  battery 

of  130  pairs  causes  the  gold  leaves  of  the  electroscope  to  diverge,  and 

^200  pairs  gives  a  strong  shock.     A  battery  of  2,000  or  3,000  pairs  is 

ry  powerful.  Batteries  of  this  kind  have  been  constructed  by  Crosse, 
Noad,  and  GassioL 

These  water  batteries  wnll  keep  their  power  for  years,  provided  watei 
ts  supplied  to  them  to  make  up  for  the  loss  from  evaporation.  They 
take  up  a  large  space,  and,  on  account  of  the  great  resistance  of  the 
water,  give  but  a  smaii  quantity  0/  electricity.  For  these  two  reasons 
they  offer  no  advantage  for  medical  use. 

Marine  Battery.— K  sea- water  or  marine  battery  has  been  constructed 
by  Duchemin,  of  France,  A  cylinder  of  carbon  and  zinc,  attached 
to  a  cork,  is  put  into  the  sea,  and  connected  with  the  shore  by  con 
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ducting  wires.  As  the  ocean  furnishes  the  exciting  fluid,  it  needs  nc 
replenishir  g.  It  was  hoped  that  a  battery  of  this  kind  might  be  of 
suflicient  strength  to  furnish  an  electric  light  for  light-houses.  Thii 
hope,  so  far  as  we  know,  lias  not  been  realized. 

Dry  Pile, — Dry  piles  have,  instead  of  liquids,  some  solid  hygroraetric 
substances,  as  paper  or  leather.  There  are  many  varieties  of  dry 
piles.  Those  of  Zamboni,  which  are  best  known,  are  composed  of 
tin  or  silver  and  binoxide  of  manganese.  A  piece  of  paper  is  tinned 
or  silvered  on  one  side,  and  the  other  side  is  covered  with  powdered 
binoxide  of  manganese.  These  sheets  are  cut  into  disks,  about  one 
inch  in  diameter,  and  arranged  so  that  the  tin  or  silver  of  each  disk  is 
in  contact  with  the  manganese  of  the  next  in  the  series.  A  Zamboni 
pile  of  200  couples  is  very  feeble  and  slow  in  its  action,  but  it  can 
charge  a  Leyden  jar,  and  it  is  quite  permanent. 

Instruments  for  Measuring  Electricity. — The  instruments  for  raea- 
suring  electricity  are  quite  numerous,  and  some  of  them  are  very 
delicate.  It  is  necessary  here  to  describe  only  a  sufficient  number  to 
illustrate  the  principles  involved. 

The  Voltameter, — The  voltameter  is  an  instrument  devised  by  Fara- 
day to  measure  the  strength  of  the  galvanic  current  It  is  a  graduated 
tube  that  receives  and  accurately  measures  the  quantity  of  gas  that  is 
generated  by  the  decomposition  of  water  by  the  current  in  a  given 
time. 

In  Fig.  19  the  platinum  needles  connected  with  the  poles  of  the  bat- 
tery are  inserted  through  the  cork,  at  the  end  of  the  tube.  The  gases 
that  result  from  the  electrolysis  rise  to  the  top,  as  the  tube  is  held  up- 
right, and  repel  the  water  through  a  hole  in  the  cork. 
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This  is  a  very  trustworthy  method  of  measuring  currents  and  of 
comparing  batteries.  If  we  wish  to  ascertain  how  one  battery  com- 
pares with  another  in  strength,  or  whether  a  battery  has  weakened  by 
use  or  long  standing,  or  whether  the  strength  is  sufficient  for  a  power- 
ful electrolytic  operation,  the  voltameter  will  give  us  precisely  the  infor- 
maiion  we  seek. 

Galvanometers.— K  galvanometer  is  an  instrument  for  indicating  the 
presence  and  direction  of  a  current,  and  for  measuring  its  strength. 
There  are  severU  varieties  of  galvanometers,  but  all  are  constructed  ou 
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■same  general  principle— a  magnet  freely  hung  so  as  to  be  deflected  by 
the  fassage  of  a  current  through  a  coil  of  insulated  wire.  GaJvanoiu 
cters  with  a  long  coil — sometimes  called  ^^ tension*'  galvanometers- 
arc  used  to  measure  circuits  of  large  resistance.  Galvanometers  with  a 
short  coil— sometimes  called  "quantity''  galvanometers— are  used  Co 
measure  circuits  of  small  resistance*  The  explanation  of  this  difierence 
will  appear  in  the  chapter  on  Ohm's  Law. 
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Astatic  Galvanometer.— TK\s  form  of  galvanometer  is  used  either  to 
detect  the  simple  presence  of  a  current,  or  to  measure  the  strength  of  a 
weak  current.  Let  A  and  B,  Fig.  20,  represent  two  needles  of  about 
equal  strength,  having  the  same  axis,  and  having  their  poles  reversed 
in  reference  to  each  other.  The  needles  will  settle  a  very  little  in  the 
meridian,  from  the  fact  that  one  of  them  is  very  slightly  more  highly 
magnetized  than  the  other. 

C  is  an  insulated  wire,  bent  around  the  lower  needle  several  times. 
Ulien  a  current  is  passed  through  this  wire»  the  needles  will  be  influ- 
enced to  turn  in  the  same  direction.  In  this  way  the  passage  of  the 
most  feeble  current  may  be  detected.  In  connection  with  a  thermo* 
electric  pile,  this  instnmient  is  capable  of  indicating  a  change  of  tem- 
perature of  only  a  very  small  fraction  of  a  degree.  Galvanometers 
which  have  a  long  resistance  coil,  and  in  which  a  branch  resistance  coil, 
or  '•  shunt^'*  as  it  is  called,  is  interposed,  may  be  used  to  measure 
Strang  currents  (see  chapter  on  Ohm's  Law),  and  are  therefore  con- 
venient in  comparing  batteries.  A  galvanometer  of  this  kind  that  we 
employ  will  be  described  under  electro-therapeutics. 

Thomson's  Reflecting  Galvanometer. — Sir  William  Thomson  has  done 
roach  to  advance  the  science  of  electrology  by  the  construction  of 
his  reflecting  or  mirror  galvanometer,  which  mil  indicate  the  presence 
of  very  slight  currents.  This  instrument  consists  of  the  coils  of  a  gal- 
vanometer, between  which  are  suspended,  by  a  single  silk  6bre,  a 
u^irror  and  magnet,  which,  when  it  moves  under  the  inlluence  of  a  cur- 
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rent,  is  reflected  through  a  lens  on  a  graduated  scak  placed  at  a  little 
distance  in  front  of  it.  A  lamp  is  placed  behind  the  screen,  which 
contains  a  slit,  through  which  the  light  passes  to  the  mirror,  from 
which  it  is  reflected  back  on  the  graduated  scale.  When  the  magnet 
is  deflected  by  the  passage  of  a  current  through  the  coil,  the  image 
moves  to  the  right  or  left  along  the  scale,  the  angle  made  by  the  re- 
flected image  being  twice  the  angle  through  which  the  mirror  and 
magnet  are  deflected.  A  very  small  deflection  of  the  magnet  pro- 
duces a  very  great  displacement  of  the  reflected  image  on  the  screen^  and 
thus  a  very  slight  current  can  be  detected. 

This  instrument,  as  that  of  Wiedmann,  of  Germany,  is  much  used 
in  delicate  electro-physiological  researches. 

Rheostates :  Instruments  for  Measuring  Resistance, — The  rheostat, 
an  instrument  invented  by  Wheatstone,  was  originally  designed  to 
ascertain  the  relative  amount  of  resistance  of  different  conductors.  In 
electro-therapeutics  it  is  employed  to  interpose  resistances  in  the  circuit, 
etc.,  so  as  to  delicately  modify  the  strength  of  the  current  within  small 
fractions  of  the  strength  of  an  element. 

In  electro-physiological  investigations,  as  also  in  certain  branches  of 
electro-therapeutics — particularly  in  applications  to  the  ear — rheostates 
have  been  used.  The  form  employed  by  Brenner  and  others,  and  also 
the  water-rheostat,  will  be  described  in  electro  therapeutics. 

Early  History  of  Galvanism, — In  the  year  1 786,  while  Galvani,  Pro- 
fessor at  Bologna,  was  experimenting  with  an  old-fashioned  electrical 
machine  that  lay  near  a  dish  of  frogs  that  had  been  prepared,  it  is 
stated,  for  his  sick  wife,  he  noticed  that  the  frogs  jumped  whenever  a 
spark  was  drawn  from  the  conductor  of  the  machine.  On  observing 
this,  it  occurred  to  him  that  perhaps  he  had  found  a  means  of  detect- 
ing atmospheric  electricity  more  delicate  than  he  had  previously  em- 
ployed. In  order  to  test  this,  Galvani  took  the  dish  of  frogs,  and,  with 
his  neighbor  Camillo,  went  out  on  the  terrace  of  his  house.*  It  was 
a  clear  evening  in  the  early  part  of  September,  and  no  marked  elec- 
tric phenomena  were  apparent  in  the  air.  Fixing  an  iron  hook  in  the 
spine  of  each  frog,  he  suspended  it  from  the  iron  railing. 

Behold  spontaneous  movements  appeared  in  the  frogSy  various  in 
their  character  and  quite  frequent  I 

That  moment  was  the  birth  of  the  science  of  Galvanism.  At  once 
there  flashed  on  the  mind  of  Galvani  the  query,  What  causes  these  con* 


*  At  No.  96,  in  Strado  S.  Felice,  BologMa,  the  house  where  Galvani  lived,  with 
terrace  and  railin|^  is  still  shown  to  travellers. 


EARLY  HISTORY  OF  GALVANISM. 


43 


tracti&ns  I  There  were  no  electric  disturbances  in  the  air  \  the  electric 
tnacKine  was  far  away  inside  the  house.  Could  there  be  electricity  in  tlie 
Irogs  themselves  ?  lu  the  history  of  science  it  often  happens  that  a 
theory  partly  false  guides  us  into  facts  that  are  wholly  true.  Thus  it 
happened  to  Galvani.     * 

From  that  moment  until  he  died,  he  lived  in  an  atmosphere  of  ex- 
erijiient*  Frogs  without  number  were  slaughtered,  and  all  for  the 
purpose  of  proving  to  himself  and  others  that  it  was  animal  ekctricity 
that  caused  these  contractions. 

Galvani's  researches,  as  soon  as  they  were  made  public,  in  1791,  ex* 
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cited  great  interest  among  scientific  men,  and  inspired  him  to  make 
another  attempt  to  master  the  mysteries  of  electricity.  At  the  time 
when  Galvani  made  his  discovery,  the  interest  excited  by  the  discovery 
of  the  Leyden  jar  and  Franklin's  kite,  about  forty  years  previously, 
had  died  out.  Philosophers  had  followed  the  vein  thus  opened,  about 
as  far  as  it  seemed  to  lead.  They  supposed  that  the  battles  of  elec- 
tricity were  all  fought  out,  and  so  they  were  laying  aside  their  annor. 
On  the  announcement  of  Galvani's  discovery,  his  experiments  were  re- 
peated all  over  Europe,  and  the  theory  that  the  contractions  of  the  mus* 
cles  of  the  frog  were  due  to  animal  electricity  was  universally  adopted. 
VoUds  Researches  :  The  Theory  &f  Contact  and  Chemkal  Action, — 
Among  those  who  were  stimulated  by  the  discovery  of  Galvani,  wai 
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Volta,  Professor  of  Physics  in  Pavia,  Italy,  who  had  already  been  long 
distinguished  as  an  electrical  experimenter,  and  who,  in  the  knowledge 
of  this  special  branch,  was  far  superior  to  Galvani. 

At  first  Volta  accepted  Galvani' s  theory  of  animal  electricity,  but 
subsequent  research  caused  him  to  doubt  its  truth.  He  observed  that 
it  was  only  by  means  of  heterogeneous  metals  that  muscular  contractions 
could  invariably  be  produced,  and  hence  he  denied  the  existence  of 
animal  electricity,  explaining  the  phenomenon  of  muscular  contractions 
through  the  influence  of  the  artificial  electricity  excited  by  a  heteroge- 
neous metallic  combinaHon.* 

Galvani  then  not  onl)  demonstrated  that  contractions  could  readily 
be  caused  by  exactly  homogeneous  metals,  but  that  the  phenomenon 
was  produced  by  the  simple  contact  of  nerve  and  muscle.  His  manner 
of  experimenting  was  as  follows :  The  leg  of  a  frog,  denuded  of  its  skin, 
had  its  sciatic  nerves  cut  at  their  exit  from  the  vertebral  column.  The 
nerves  thus  denuded  were  taken  gently  up  by  some  non-conductor  and 
made  to  touch  one  of  the  muscles,  when  the  leg  would  immediately 
become  convulsed.  Volta  endeavored  to  prove  that  the  concussion 
caused  by  the  contact  of  nerve  and  muscle  was  the  cause  of  the  electric 
current  thus  produced ;  but  Galvani  conclusively  demonstrated  that  such 
could  not  be  the  case,  by  placing  a  non-conductor  between  the  two  tis- 
sues, when  no  action  could  be  excited  in  the  leg.  He  went  further, 
and  at  last  succeeded  in  producing  muscular  contractions  when  only  the 
nerves  of  non-prepared  legs  were  brought  in  contact. 

The  discovery  of  the  Voltaic  pile,  which  excited  great  interest  in 
men  of  science,  seemed  to  decide  the  battle  for  Volta,  and  all  the 
efforts  of  Galvani  to  convince  philosophers  of  the  existence  of  animal 
electricity  were  in  vain.  Galvani's  first  observations  on  frogs  dates  back 
as  far  is  1780.     He  first  published  his  researches  in  1791. 

Volta  did  not  undertake  the  investigation  of  the  subject  until  1792, 
the  year  following  the  publication  of  the  researches  of  Galvani.  And 
yet  Volta  has  almost  equal  claim  to  be  the  founder  of  the  science  of 
galvanism  ;  for  while  Galvani  discovered  the  new  manifestation  of 
electricity,  he  failed  to  comprehend  its  true  value,  while  Volta,  by  the 
discovery  of  the  pile  which  bears  his  name,  demonstrated  what  Galvani 
would  never  believe,  but  which  Prof  Fabroni,  of  Florence,  had  in  1 792 
suggested,  that  chemical  action  was  the  source  of  the  electricity  in  Gal- 
vani's  experiments. 

*  llie  theory  that  the  experiment  of  Galvani  could  be  explained  by  chemical  actio*  . 
was  first  suggested  by  Prof.  Fabroni,  of  Florence,  in  1792. 


CHAPTER  IV. 


ELECTROLYSIS    (ELECTROCHEMISTRy). 


LECTROLVSis,  derived  from  ^kcKTpov  and  Xim,  through  XvVts.  dhen- 
gaging,  if  ihe  ad  or  process  of  decomposing  a  compound  substance  b^ 
tUciruUy. 

Electro-Krhemiciii  decomposition  takes  place  at  both  poles,  but  with 
diffcfeuc  products  and  manifestations,  according  to  the  strength  of  tlie 
cuirent,  the  nature  of  the  substances  acted  upOHi  and  the  material  of 
ivtiidi  the  electrodes  are  composed* 

Mt story  of  Electrolysis, — ^The  chemical  effects  of  statical  electricity 
were  tirst  investigated  by  Drs.  Priestley  and  Cavendish,  in  1784,  The 
decomposition  of  water  by  passing  through  it  a  succession  of  discharges 
of  statical  electricity  was  first  discovered,  in  1 789,  by  Messrs*  Dienian, 
Paetz,  Van  Troostwyck,  and  Cuthbertson.  The  power  of  the  galvanic 
current  to  decompose  water  was  discovered  and  first  described  by 
Messrs*  Nicholson  and  Carlisle,  in  1800.  They  experimented  with  the 
voltaic  pile,  which  had  then  just  been  discovered.  These  experiments 
CIS  also  decomposed  other  substances  by  the  galvanic  current.  On 
Nov*  ao,  1806,  Sir  Humphry  Davy  presented  to  the  Royal  Society  a 
lecture  "  On  some  Chemical  Agencies  of  Electricity/'  and  in  the  fol- 
lowing year  he  announced  his  discovery  of  the  decomposition  of  Uie 
fixed  alkalies.  Between  iSji  and  1840  Faraday  published  his  "j^jt- 
perimattal  Researches  in  Electricity^^  in  one  of  the  most  remarkable 
series  of  stnentitic  essays  that  ever  proceeded  from  the  pen  of  man. 

Terminology  of  Electrolysis. — With  the  aid  of  two  friends,  Faraday 
prepared  the  following  terminology  of  electrolysis,  which  is  now  gener- 
ally adopted.  The  poles  where  the  electricity  passes  in  and  out  of  the 
body  tliat  is  undergoing  decomposition  are  called  electrodes  {yiX^tn-pov^ 
and  o&>«,  way).  I'lic  surface  where  die  current  enters  the  decompos- 
ing body  is  called  the  anode  (ava,  upward,  and  0S09,  way) ;  the  surface 
where  the  current  leaves  tlie  decomposing  body  is  called  the  cathode 
(aoto,  downward^  and  l^,  way).  The  anode  is  in  contact  with  the 
poiiiive  pole  and  the  cathode  w'th  the  negative. 


45  ELECTRO-PHYSICS. 

Practically,  anode  is  used  as  synonymous  with  positive  pole,  and 
cathode  with  negative,  although,  strictly  speaking,  anode  and  cathode 
refer  to  the  points  of  the  decomposing  body^  and  positive  and  negative 
to  the  poles  of  the  battery  that  are  in  contact  with  these. 

Compound  substances  that  are  directly  decomposable  by  the  current 
are  called  electrolytes  (iJXcKTpov,  and  Xwd,  decompose).  To  electrolyu 
a  body  is  to  chemically  decompose  it  by  the  current  The  act  of  pro- 
ducing electrolysis  is  called  electrolyzation. 

The  elements  of  an  electrolyte  are  termed  ions^  (ciwv,  participle  of 
the  verb  cf/xt,  to  go).  Those  ions  that  appear  at  the  anode  are  termed 
anions^  those  which  appear  at  the  cathode  are  termed  cations.  For- 
merly anions  were  termed  electro-negative,  and  cations  the  electro-posi- 
tive elements  of  the  compound.  Water,  for  example,  is  an  electrolyte 
that  evolves  two  ions — oxygen  and  hydrogen ;  oxygen  goes  to  the 
anode  and  is  the  anion ;  hydrogen  goes  to  the  cathode  and  is  the 
cation. 

No  substance  can  be  an  electrolyte  which  is  not  a  conductor ;  but 
in  the  readiness  with  which  they  are  decomposed  substances  widely 
vary.  Every  electrolyte  must  contain  more  or  less  of  water.  Pure 
water,  though  an  electrolyte,  is  yet  decomposed  only  with  great  diffi- 
culty ;  but  by  adding  to  it  a  little  suli)huric  acid,  or  certain  salts,  it  very 
easily  undergoes  electrolysis.  It  is  furthermore  believed'  that  no  fluid 
can  be  a  conductor  without  also  being  an  electrolyte;  that  is,  more  or 
less  electro-chemical  decomposition  must  take  place  when  the  galvanic 
current  passes  through  any  fluid.  Substances  that  are  found  to  be  ready 
electrolytes  are  chloride  of  sodium,  muriatic  acid,  and  iodide  of  potas- 
sium. 

Laws  of  Electrolysis, — Although  electrolysis,  like  all  other  phe- 
nomena connected  with  atomic  changes,  is  but  imperfectly  understood, 
yet  some  of  the  general  laws  of  its  operation  have  been  already  well 
ascertained. 

Among  the  more  important  of  these  laws  the  following  may  be  enu- 
merated : 

I.  Definite  Electro-chemical  Action, — It  has  been  found  that  when 
several  substances  are  simultaneously  decomposed  by  the  current,  the 
elements  that  are  evolved  are  definite  in  quantity  and  are  electro- 
chemical equivalents  of  each  other.  This  law,  which  was  discovered  by 
Faraday,  may  be  thus  illustrated.  Let  the  current  be  sent  successively 
through  a  series  of  cells  filled  with  oxide  of  lead,  chloride  of  lead,  and 
chloride  of  silver.  The  different  substances  would  combine  in  the  fol 
lowing  proportions  : 
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At  the  Poffltivc  Pole* 

Water* , , ,       8  grs.  oxygen* 

Oxide  of  lead 8         ** 

Chloride  of  lead, , .     35.5  grs.  chlorine. 

Iodide  of  lead 127  grs,  iodine. 

Chloride  of  silver. ,     35.5  grs.  chlorine. 
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At  tbc  Negative  Pole, 
f  gn  hydrogen. 
^^3S  grs.  lead. 

105.5       ** 
108  grs.  silver. 


lliese  numbers,  it  will  be  seen,  represent  the  combining  proportions 
of  these  substances. 

Substances  combine  in  equivalent  proportions  ;  they  are  decomposed 
in  the  same  equivalent  proportions, 

2,  Primary  anfi  Secondary  J^esulis. — The  results  of  electrolytic  action 
are  distinguished  as  primary  and  secondary.  The  results  are  called  /ri- 
nuify  when  the  elements  that  are  decomposed  appear  at  the  electrodes 
unr hanged  and  uncombined  j  the  results  aie  called  secondary  when 
ihr  elements  that  are  decomposed  are  changed  or  recombined  when  they 
ajrpear  at  the  electrodes.  The  secondary  results  are  favored  by  the 
tMScent  condition  of  the  elements  that  are  decomposed.  The  secondary 
results  arc  caused  by  the  action  of  the  decomposed  elements  on  the  sub- 
stance of  die  electrode,  or  on  the  substance  itself  that  is  undergoing 
decomposition.  Even  the  decomposition  of  water,  when  diluted  with  sul- 
phuric acid,  is  really  a  secondary  result.  Perfectly  pure  distilled  watei 
does  not  perceptibly  decompose  even  under  quite  a  strong  current.  If  a 
few  drops  of  sulphuric  gases  are  added,  the  acids  are  freely  disengaged. 
The  sulphuric  acid  H;SO^  is  disengaged  by  the  current  into  H^  at  the 
negative  and  S(^^  at  the  positive  pole  ;  the  former  H,  is  liberated, 
and  the  latter  SO^  at  the  positive  pole  acts  on  the  water  and  forms 
sulphuric  acid  again.  Secondary  decomposition  is  modified  by  the 
materi.al  of  which  each  electrode  is  composed.  Thus  in  decomposing 
sulphuric  acid,  when  the  positive  electrode  is  made  of  carbon,  the  oxy- 
gen decomposed  acts  on  the  carbon,  forming  carbonic  acid  and  carbonic 
oxide.  Electro-chemical  action  continued  for  weeks,  months,  and  years, 
as  was  done  by  that  very  laborious  experimenter,  Mr»  Crosse,  of  Broom- 
field,  may  produce  as  secondary  results  interesting  minerals,  such  as 
I  quartz,  arragonite,  malachite.  During  these  experiments  in  electro- 
I  cr}'5taUij^tion  Mr.  Crosse  discovered  that  remarkable  insect,  the 
arartfs,  which  appeared  in  electrized  solutions  of  sulphate  of  iron, 
Milphate  of  zinc,  and  nitrate  and  sulphate  of  copper.  It  was  supposed 
I  that  the  acari  arose  from  ova  deposited  by  insects  floating  in  the  at* 
mosphere,  and  that  they  might  possibly  be  hatched  by  electric  action, 
Aj  a  reward  for  this  discovery,  which  now  seems  to  be  ahnost  forgotten. 
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Mr.  Crosse  was  subjected  to  absurd  and  outrageous  abuse,  as  thougk 
he  were  infringing  on  the  prerogatives  of  the  Creator.  Mr.  Weekes,  of 
Sandwich,  in  Kent,  subsequently  repeated  the  experiments  of  Crosse  by 
passing  electrical  currents  through  silicate  of  potash  in  glass  receivers 
over  mercury.  All  possible  care  was  taken  to  keep  out  foreign  matter. 
After  a  constant  action  of  a  year,  insects  appeared,  entirely  similar  to 
those  obtained  by  Mr.  Crosse.  The  metallic  deposits  in  electro -metal- 
lizing are  the  secondary  results  of  the  electro-chemical  decomposition. 
Water  is  electrolyzed,  hydrogen  is  disengaged  at  the  cathode,  and  oxy- 
gen at  the  anode ;  but  the  hydrogen  reacts  on  the  metallic  solution, 
combines  with  its  oxygen,  and  frees  the  metal.  The  oxygen  also  com- 
bines with  an  element  at  the  anode.  In  the  section  on  Electro-Surgery 
it  will  be  found  that  the  secondary  decomposition  is  utilized  in  the  selec- 
tion of  the  material  used  for  needles  in  galvano-puncture. 

3.  The  Differential  Action  of  the  Poles, — Different  elements  go  to  the 
anode  and  the  cathode,  according  to  the  nature  of  the  substance  de- 
composed and  the  material  of  which  the  electrode  is  made. 

Platinum-wire  makes  the  best  electrode  for  electrolytic  experiments 
on  various  substances,  because  platinum  is  not  acted  on.  Copper  and 
silver  wire  may  be  used,  but  the  secondary  action  which  they  cause 
greatly  complicates  the  experiment. 

To  distinguish  the  precise  character  of  the  changes  that  take  place  in 
the  electrolysis  of  many  substances  is  frequently  difficult,  and  sometimes 
impossible.  It  is  difficult  to  decide  whether  any  of  the  elements  of  the 
electrolyte,  besides  water,  undergo  decomposition ;  and  whether  the 
changes  are  of  a  primary  or  secondary  character. 

Among  the  substances  that  are  most  readily  decomposed  by  the  elec- 
tric current  are  the  following : 

Iodide  of  Potassium, — This  decomposes  under  a  very  feeble  current, 
the  iodide  and  oxygen  going  to  the  positive  and  the  hydrogen  and  al- 
kali to  the  negative.  Thus  the  decomposition  of  iodide  of  potassium 
by  electricity  affords  a  very  good  means  of  distinguishing  the  poles. 
The  brown  color  of  the  iodine  always  appears  at  the  positive  pole.  The 
whole  solution  soon  presents  the  color  of  iodine. 

Chloride  of  Sodium, — A  solution  of  common  salt  decomposes  quite 
readily,  chlorine  appearing  at  the  positive  and  hydrogen  and  oxide  of 
sodium  at  the  negative  pole.  If  the  positive  needle  is  platinum,  the 
odor  of  chlorine  is  at  once  detected ;  if  it  is  of  copper,  the  chlorine 
unites  with  the  copper,  making  the  solution  turbid. 

Aceictte  of  Lead, — ^This  salt  in  solution  decomposes  with  comparative 
slowness  by  secondary  action,  peroxide  of  lead  appearing  at  the  poai 
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The  water 


tjwe  pole,  and  hanging  from  it  in  light  tiireads  or  masses* 
frcqueotly  decomposes  before  the  lead  yields  at  all. 

JVbdi/ij  IriS'Jiings, — It  is  by  the  electrolysis  of  lead  that  the  beau- 
fiil  iris-rings  arc  produced.     A  polished  steel  plate  is  put  in  a  dilute 
ludon  of  acetate  of  lead     The   steel  plate  is   connected  with  the 
sitive  pole  of  a  galvanic  battery,  while  a  wire,  connected  with  the 
egative  pole,  ts  put  in  the  solution.     Peroxide  of  lead  is  at  once  libe- 
on  the  steel  beneath  the   wire,  and  a  film  extends  outward,  but 
ing  thmner  and  thinner.     Thus  a  series  of  concentric  circles  is 
rmed  exhibiting  bright  iris  colors. 

NUric  Add, — Strong  nitric  acid  conducts  well  and  decomposes,  oxy* 

'^eo  appealing  at  the  positive  pole,  nitrous  acid  and  nitric  oxyd  at  the 

oegacive pole.     Dissolution  takes  place,  and  the  water  becomes  yellow, 

N^if rati  iff  Potash, — This  is  a  good  conductor,  and  }ields  secondary 

^ults. 

Su//hurotis  Acid, — ^This,  when  diluted,  yields  oxygen  at  the  positive 
l^alct  and  hydrogen  and  sulphur  at  the  negative. 

Sulphuric  Acid. — ^This  yields  sulphur  at  the  negative  pole,  and  pio- 
chces  secondary'  results. 

Muriaiic  Acid. — A  strong  solution  of  this  yields  hydrogen  at  the 
negative  pole,  and  chlorine  at  the  positive  pole. 

EUctra-metaliurgy. — Electro-metaUurgy,  or  the  art  of  precipitating 
\s  from  their  solutions  by  the  galvanic  current,  is  a  result  of  llie 
k$€0%'ery  of  electrolysis— is  indeed  itself  simply  an  electrolytic  pro- 
There  are  two  divisions  of  this  art^-electrotyping  and  electro* 
\g,     ITie  art  of  electro  metallurgy  was  discovered,  independently, 
\y  Spencer,  in  England,  and  Jacobi,  in  Petersburg,  in  1837.     Electro 
ding  was  discovered  by  Brugnatelli,  a  pupil  of  Volta,  but  was  first 
iscd  by  M.  de  la  Rive. 
l%4^y  of  Electrolysis. — The  theory  of  electrolysis  at  present  accepted 
the  following :  In  every  compound  one  of  the  elements  is  electro 
isitive,   the   other,    electro  negative.       Under  the   influence   of    the 
ising  electricities  from  the  electrodes,  decomposition  and  recompo- 
ftition  go  on  from  one  pole  to  the  other.     But  these  decompositions  and 
rccoraj>ositions  are  seen  only  at  the  electrodes. 

This  may  be  illustrated  by  the  electrolysis  of  water.     Water  ts  com- 
of  one  atom  of  oxygen  and  two  atoms  of  hydrogen.     Oxygen  ts 
ctro-negative  and  hydrogen  is  electro-positive. 

now,  the  electrodes  are  dipped  in  water,  the  electro-negative 
the  molecule  a  (Fig,  22)  is  attracted  to  the  positive  pole,  and 
Ae  electro- negative  hydrogen  is  repelled. 


so 
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Fig.  m. 


The  oxygen  is  then  given  off  at  the  positive  pole,  while  the  liberated 
hydrogen  unites  itself  with  the  next  atom  of  oxygen  of  the  molecule 

by  while  the  original  atom  of  hy- 
drogen is  expelled. 

This  atom  of  hydrogen  unites 
with  the  oxygen  of  the  molecule 
c,  drives  out  the  hydrogen  with 
which  that  atom  had  been  pre- 
viously combined,  and  so  on  through  the  whole  series  of  molecules 
until  the  negative  pole  is  reached^  Here  the  hydrogen  has  no  more 
oxygen  to  combine  with,  so  it  is  liberated  as  gas. 

The  electrolysis  of  all  other  electrolytes  is  similarly  explained.  This 
simple  and  ingenious  theory  was  devised  by  Grotthiiss. 

Decomposed  Elements  appear  only  at  the  Electrodes, — In  electrolysis 
the  elements  decomposed  appear  only  at  the  electrodes  ;  the  interme- 
diate region  presents  no  change,  although,  of  course,  it  must  be  trav- 
ersed by  the  decompositions  that  occur.  This  is  illustrated  by  the 
following  experiment  of  Davy  :  Three  vessels  are  connected  by  a  cot- 
ton wick  thoroughly  moistened.  In  one  vessel  is  placed  an  alkaline  salt, 
and  in  the  other  two,  water.  The  liquid  of  all  three  vessels  is  colored 
with  syrup  of  violets.  When  the  galvanic  current  is  made  to  pass  through 
the  vessels,  the  liquid  at  the  negative  pole  becomes  green^  and  the 
liquid  at  the  positive  becomes  red,  demonstrating  that  the  acid  goes  to 
the  positive  and  the  alkaline  base  to  the  negative  pole.  The  fluid  in 
the  middle  vessel  suffered  no  change  of  color,  although  it  must  have 
been  traversed  by  the  acid  in  the  solution. 

Electrolysis  compared  with  the  Reactions  in  the  Batteries, — It  will  be 
observed  that  the  chemical  action  that  takes  place  in  the  fluids  of  any 
battery  is  similar  to  electrolysis.  The  two  are,  indeed,  facts  of  pre- 
cisely the  same  nature.  The  action  in  the  battery  is  accompanied  by 
an  electric  current ;  the  action  in  electrolysis  occurs  as  a  result  of  the 
passage  of  a  current. 

In  the  section  on  Electro-Surgery  it  will  be  shown  that  all  these  phy- 
sical laws  of  electrolysis  hav2  a  direct  and  necessary  bearing  on  the  use 
of  electrolysis  in  surgery. 


CHAPTER   V. 


BD  ELKCTRJCmr — CLRREXT  AxND  MAGNETO-INDUCTION — ELECTRO 
II ACN KTt^M  —  r H E RMO -E L EC r R r C    B AITE R I E S. 

Indmtd BUctric'tty^  or  EUctra-Magnetism  :  Electro  dynatnical Indue- 
iipn, — We  have  seen  that  induction  means  the  action  that  electrified 
bodies  exert  on  other  bodies  at  a  distance.  Electrons tatical  induction 
has  already  been  treated  of*  We  have  now  to  speak  of  the  induction 
of  current-electricity. 

ProC  Oersted,  of  Copenhagen,  first  observed  that  the  electric  cur- 
rent, brought  near  a  magnetic  needle,  caused  it  to  deflect.  This  was 
Uie  earliest  observation  in  electro-magnetism. 

Philosophers  at  once  set  themselves  al  work  to  explain  this  phenome- 
non. The  discovery  was  not  an  accidental  one  on  the  part  of  Oersted, 
For  years  he  had  been  occupied  with  the  study  of  electro-physics,  and 
as  early  as  1S07  he  had  published  a  work  in  which  he  stated  that  he 
pur|K>sed  to  ascertain  whether  electricity  in  its  most  latent  state  had 
any  cfiTect  on  the  magnet*  His  first  discover)^  that  the  needle  had  a 
tendency  to  place  itself  at  right  angles  to  the  wire  in  which  a  current  was 
pa«hsing.  was  a  natural  sequence  and  confirmation  of  his  early  researches. 
This  discovery  by  Oersted  formed  another  era  in  the  science  of  elec- 
tricity ;  for  in  1820  the  enthusiasm  caused  by  the  discoveries  of  Gal  van! 
and  V^oUa  had  subsided,  just  as  the  enthusiasm  caused  by  the  Leyden 
j  jr  and  Franklin's  kite  had  died  away  when  Galvani  made  his  renowned 
<?x|icrimenL 

AmpH'is  Theory  of  Magnetism. — Among  the  many  scientists  who 
sought  to  explain  and  unfold  the  phenomena  of  electro-maguettsm  as 
discovered  by  Oersted^  it  was  reserved  for  Ampere  to  achieve  the 
liighesr  success.  This  theory,  which  was  developed  by  rigid  mathemat- 
ical dctnonstrations,  was,  that  each  molecule  of  a  magnetic  body  is  trav- 
ersed by  chsed  electric  currents.  These  currents  are  free  to  move 
about  tlieir  centres  of  gravity,  but  the  coercitive  force ^  which  is  weadt  in 
soft  iron  but  great  in  steel,  tends  to  keep  them  in  position. 
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Before  a  magnetic  body  is  magnetized  these  molecular  currents,  oi 
rings  of  electricity,  by  their  mutual  attraction  neutralize  each  other, 
so  that  their  combined  action  on  any  other  substance  is  nothing. 

When  a  body  is  magnetized^  these  molecular  currents  assume  a  paraU 
Id  direction.  The  more  complete  the  magnetization,  the  more  nearly 
parallel  they  become.  When  they  are  completely  parallel,  the  limit  of 
magnetization  is  reached.  Ampere  further  supposes  that  all  these  mo- 
lecular currents  are  equivalent  to  a  single  current  circulating  round  the 
magnet.  Still  further,  and  in  consonance  with  his  theory,  Ampdre  sup- 
posed that  terrestrial  magnetic  effects  were  due  to  magnetic  currents 
that  circulate  round  the  earth  from  east  to  west,  perpendicular  to  tnc 
magnetic  meridian.  The  resultant  of  these  currents  is  a  single  cur- 
rent going  from  east  to  west.  These  currents,  which  are  supposed 
to  be  due  to  the  action  of  the  sun,  deflect  magnetic  needles,  magne- 
tize iron,  etc. 

The  Electric  Current  acts  as  a  Magnet :  Solenoids. — In  confirma- 
tion of  Ampere's  theory  of  magnetism,  it  is  found  that  when  a  helix,  or 
spirals  of  covered  wire,  coated  in  such  a  way  that  one  of  the  wires  passes 
through  the  axis  (solenoid,  as  it  is  called),  is  suspended  into  cups  of 
mercury,  and  traversed  by  a  current,  it  will  act  like  a  magnetic  needle 
and  point  from  north  to  south.  Ampere  gave  the  following  nile  by 
which  the  directions  of  the  needle  under  the  current  can  be  under- 
stood :  Let  the  observer  imagine  himself  placed  in  the  wire,  so  that  a 
current  enters  at  his  feet  and  leaves  at  his  head,  while  his  face  is  turned 
toward  the  needle;  the  pole  will  always  be  deflected  toruard the  left 
of  the  observer. 

Helix. — In  a  helix  of  a  copper  wire  through  which  a  current  circu- 
lates, each  convolution  of  the  spiral  m2,y  be  regarded  as  one  of  the  little 
magnets  of  Ampere's  theory.  The  ends  of  the  spiral,  when  the  current 
passes  through  it,  act  on  a  magnetic  needle  like  the  poles  of  a  magnet 
Ampere's  theory  explains  two  important  magnetic  phenomena. 

ist.  Why  like  poles  repel  and  unlike  attract. 

Two  north  poles  of  a  magnet  side  by  side  have  opposite  cur- 
rents and  repel  each  other.  Similarly  with  two  south  poles.  But  a 
north  and  south  have  currents  in  the  same  direction  and  attract  each 
other. 

2d.  \Vhy  a  magnetic  needle  places  itself  north  and  south.  A 
magnet  can  come  to  rest  only  when  the  current  below  it,  nearest  the 
earth,  is  parallel  to  the  earth-current.  The  magnetic  needle  turns  to 
the  north  to  allow  the  currents  below  it  to  become  parallel  to  the  earth's' 
current 
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Ehctr^magmitk  Helix, — Magnetism  is  induced  in  a  bar  of  soft  iron 
by  the  siraplc  passage  of  a  currenl  near  it,  in  a  direction  at  right  angles 
to  the  bar.     If,  however,  the  wire  (Fig.  23)  encircles  the  iron  many 
ttines,  this  effect  will  be  much  in- 
CTeased.     Let  a  current  be  passed 
over  the  frixe  in  the  direction  of  the 
arrows,  and  the  iron  within  will  be- 
cofiie   strongly   magnetic,    with    its 
poles  as  shown  by  the  letters  S  and 
N.     If  the  enclosed  iron  be  not  too 
bea^'}^  it  will  be  drawn  to  the  centre  ^*°*  '3- 

and  held  suspended  there. 

When  the  current  is  broken ^  the  iron  ceases  to  be  magnetic ;  while, 
if  a  bar  of  hardened  steel  be  substituted  for  the  iron,  it  will  retain  its 
niagnetism  permanently.  Such  a  coil  of  wire  is  called  a  helix,  from 
Sli^y  a  winding,  and  a  magnet  formed  in  the  manner  described  is  tenned 
an  eleciro-magnei^ 

Fig.  24  represents  the  general  form  of  an  electro-magnet.  It  is  com- 
|ioscd  of  a  bar  of  soft  iron,  bent  into  the 
form  of  a  horseshoe.  An  insulated  wire  is 
coiled  round  its  extremities.  When  a  cur- 
rent of  electricity  is  passed  tlirough  the  cofl, 
llie  horseshoe-bar  becomes  magnetic,  and 
attracts  the  armature.  If  the  current  is 
broken,  the  bar  becomes  demagnetized  and 
the  armature  falls  to  the  ground.  Perma- 
nent magnets  possess  much  less  power  than 
dectro-magnets. 

If  the  iron  bar  within  the  helix  be  more 
than  a  third  of  an  inch  in  thickness,  and  the 
current  be  of  moderate  strength,  the  mag-  fw.  14. 

netism    induced    is    in   proportion    to   the 

strength  of  the  current,  and  of  the  number  of  turns  in  the  coil.  Ad- 
ditional coils  of  the  wire  give  no  increased  magnetism,  if  the  bar  is 
thinner  than  one- third  of  an  inch.  In  this  case  maximum  is  soon 
reached.  Again,  if  the  circuit  is  made  very  long,  thus  reducing  the 
strength  of  the  current,  the  advantage  usually  gained  by  the  thick  bar, 
and  by  increasing  the  number  of  coils,  may  be  lost  The  iron  bar 
sliould  be  perfectly  pure  and  well  annealed,  in  order  that  the  electrcK 
magnet  may  quickly  acquire  and  as  quickly  lose  its  magnetism  od 
rlcwtng  and  breaking  the  circuit. 
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Direction  of  the  Induced  Current, — If  a  current  of  electricity  is  passed 

through  any  conductor,  it  will  in- 
^A  a-       duce  a  current  in  the  opposite  direc- 

tion in  a  second  conductor  situated 
y  ^      parallel  to  the  first     Let  A  B,  Fig. 

Fig.  «5.  25,  be  a  wire  connected  at  either 

extremity  with  the  poles  of  a  gal- 
vanic battery,  and  M  N  a  second  wire  parallel  and  near  to  the  first. 
As  soon  as  the  circuit  is  formed  and  a  current  passes  ftom  +  to  — ,  a 
secondary  current  is  induced  in  the  second  wire,  but  in  an  opposite 
direction. 

This  current  is,  however,  but  for  an  mstant  As  soon  as  the  circuit 
is  broken,  an  instantaneous  current,  with  its  direction  reversed,  is  again 
established  in  the  second  wire. 

Different  Orders  of  Induced  Currents, — Induced  or  secondary  cur- 
rents have  themselves  the  power  of  producing  induced  currents  in  other 
adjacent  circuits.  Currents  thus  induced  from  secondary  induced 
currents  are  called  tertiary  induced  currents.  These  tertiary  induced 
currents  have  also  the  power  of  producing  induced  currents  in  an  ad- 
jacent circuit,  and  so  for  a  long  series. 

Currents  produced  in  this  way  are  in  opposite  directions  alternately, 
and  tlieir  strength  diminishes  the  higher  they  ascend. 

As  a  secondary  current  flows  in  a  direction  opposite  to  that  of  the 
battery  current,  so  the  tertiary  flows  in  a  direction  opposite  t6  the 
secondary.  This  law  holds  good  throughout  the  whole  series, — the 
strength  of  the  current  diminishing  as  the  distance  from  the  battery 
increases. 

The  manifestation  of  electrical  action  in  the  secondary  coil,  upon 
closing  and  breaking  the  circuit,  is  called  the  electric  throby  while  the 
passive  condition  of  the  wire  while  under  induction  has  been  described 
by  Faraday  as  electro-tonic. 

If  the  primary  coil  be  movable,  so  that  it  can  be  brought  in  closer 
proximity  to  the  secondary  coil  while  the  current  is  passing,  an  inverse 
current  is  produced  at  the  moment  of  its  approach,  the  same  as  when 
the  circuit  is  closed.  If  now  the  primary  coil  be  withdrawn,  a  direct 
current  is  produced,  the  same  as  when  the  circuit  is  broken.  As  long 
as  the  primary  coil  remains  in  one  position,  all  evidence  of  electricity 
in  the  secondary  wire  disappears.  If,  however,  while  in  this  position, 
the  strength  of  the  primary  current  be  increased  or  diminished,  mo- 
mentary currents  are  established  in  the  secondary  coil ;  the  inverse 
following  the  increase,  and  the  direct  current  following  the  decrease  in 


Let  A  represent  Uie  primary  coil,  which  is  composed  of  wool-covered 
wire  ^  of  an  inch  in  diameter;  and  B  the  secondary  coil,  of  silk- 

covered  wire,  much  longer  than  the  other,  and  about  •^^  of  an  inch  in 
diameter.  Now  let  the  secondary  coil  be  connected  with  the  galvan- 
ometer, G,  by  means  of  the  two  bin  ding- screws,  while  the  primary  coil, 
by  two  loose  and  flexible  wires,  is  placed  in  the  circuit  of  a  galvanic 
cell.  As  soon  a^  A  is  inserted  into  B,  a  momentary  inverse  current  is 
indicated.  If  it  be  withdrawn,  the  galvanometer  indicates  a  monien- 
tary  direct  current.  While  the  primary  coil  remains  in  the  secondary, 
the  needle  announces  the  induction  of  currents  according  to  the  prin- 
ciples stated  above,  whenever  tlie  strength  of  the  primary  current  is 
increased  or  diminished. 

77i£  Condiiions  under  which  Induction  takes  place.— To  sum  up  iu 
bnet  Induction  takes  place  from  one  circuit  into  an  adjacent  circuit, 
1st.  At  the  moment  when  die  current  is  closed,  2d,  ''lie  moment 
irhen  the  current  is  opened  3d.  While  the  current  is  increasing  or 
diminishing  in  strength.  4th.  WTiile  the  current  is  brought  near  to  01 
removed  iiom  the  adjacent  circuit.     A  current  that  closes  or  increase; 
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in  strength,  or  is  brought  near  to  an  adjacent  circuit,  induces  an  inifersi 
momentary  current  in  that  circuit  A  current  that  opens  or  diminishes 
in  strength,  or  is  removed  from  an  adjacent  circuit,  induces  a  direct 
momentary  current  in  that  circuit.  It  will  be  seen,  therefore,  that  in- 
duction takes  place  only  when  there  is  some  change  in  the  condition  oj 
the  inducing  current.  It  must  be  closed  or  opened,  increased  or  dimin- 
ished in  strength,  brought  near  to  or  removed  from  the  adjacent  circuit. 
In  the  ordinary  electro-magnetic  machines  these  changes  are  made 
by  a  rheotome^  or  current-interrupter,  and  the  strength  of  the  current 
is  modified  by  withdrawing  or  removing  a  metallic  cylinder  enclosing 
the  coils,  or  by  withdrawing  or  removing  the  core  of  iron  needles. 

Induction  of  a  Current  on  Itself :  Extra  Current. — The  extra  cur- 
rent is  that  which  is  induced  by  the  current  in  each  coil,  or  winding  of 
the  primary  coil  on  the  other  adjacent  windings. 

The  windings  act  inductively  on  each  other  both  at  the  opening  and 
closing  of  the  circuit.  Thus  we  have  a  direct  and  an  inverse  extra  cur- 
rent. The  direct  extra  current  gives  shocks  and  sparks,  decomposes 
water,  magnetizes  steel,  and  melts  platinum-wire.  The  electro-motive 
force  of  the  extra  current  bears  a  uniform  relation  to  the  intensity  of 
the  primary  or  inducing  current.  When  the  secondary  coil  is  closed^ 
the  extra  current  does  not  appear  in  the  primary  coil,  but  by  what  is 
called  reaction  it  is  formed  in  the  secondary  coil  itself,  and  becomes 
an  ordinary  induced  current. 

It  is  called  the  extra  current  only  so  long  as  it  remains  in  the  pri- 
mary coil ;  it  so  remains  only  when  the  secondary  coil  is  open, 

Rheoiome^  or  Current-interrupter, — Among 
the  different  contrivances  for  producing  these 
changes  in  the  primary  current  that  are  neces- 
sary for  induction,  the  most  convenient  is  the 
Rlieotome,  or  Current-ititerrupter, 

This,  when  placed  in  the  circuit  of  the  pri- 
mary coil,  alternately  closes  and  opens  the  cur- 
rent,  and  thus  causes  induced  currents  in  the 
secondary  coil. 

Fig.  27  represents  a  current-interrupter. 

---N^     N^^*'^  ^"^o  the  iron    covering  A  are  fastened  the 

\g^^  ends  of  the  iron  wires  of  the  core  within  the 

Fic  aj.  coil. 

The  hammer  H  is  attached  to  a  spring  D, 
which  is  in  the  primary  circuit ;  /  is  a  projection  tipped  with  plati- 
num,   because  that  metal  does  not  corrode ;  /',  connected  with   the 
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screw,  Is  also  tipped  with  platinmn.  When  the  circuit  is  closed*  the 
''ore  of  iron -wire  A  becomes  magnetic,  and  draws  H  away  from  /' 
against  which  it  naturally  rests*  This  breaks  the  current,  for  the  circuit 
is  cotnpleted  through  the  connection  of/  and/'.  As  the  carrent  ia 
hroken,  A  of  course  loses  its  magnetism,  and  no  longer  has  power  to 
attract  H  ;  therefore  the  spring  D  brings  H  back  to/',  where  it  natur- 
ally rests.  This  completes  the  circuit^  and  again  A  becomes  magnetic, 
and  again  it  attracts  H,  and  thus  H  is  kept  rapidly  vibrating  with  a 
buzzing  sound  between  A  and/*.  These  constant  interruptions  keep 
up  an  induced  current  in  the  secondary  coil.  The  screw  b  gives  the 
necessary  stiffness  to  D. 

Object  cf  the  Iron  Core  in  the  Primary  Coil. — The  inductive  po\ver 
of  the  primary  current  is  very  greatly  increased  by  putting  a  bar  of  soft 
iron  or  a  bundle  of  iron  wires  in  the  heart  of  the  primary  coil  The 
iron  core  strengthens  the  current  in  this  way.  It  becomes  magnetic  by 
the  action  of  the  current,  and  this  magnetism  disappears  when  the  cur- 
rent opens.  The  disappearance  of  the  magnetism  induces  a  current  in 
the  same  direction  as  the  disappearing  primary  current,  and  thus 
\l\\au%  it.  In  electro- magnetic  machines,  as  used  for  electro* 
therapeutics,  this  iron  core  is  a  very  convenient  means  for  modifying 
the  current.  Pushing  it  in  the  coil  increases  the  curreot,  withdrawing 
%l  diminishes  the  current 

A  bundle  of  wires  is  preferable  to  a  single  bar  of  soft  iron,  for  in  the 
latter,  curteiits  are  formed  which  impede  the  sudden  cessation  of  the 
primary  current,  while  in  tlie  former  these  cannot  be  formed. 

Thickness  and  Length  of  the  Outer  and  Inner  Wires. — It  is  a  law  of 
elcctro-physics  that  wires  of  a  large  diameter  conduct  electricity  better 
than  wires  of  a  small  diameter.  It  is  necessary  that  the  primary  cur- 
rent should  be  strong,  since  its  principal  object  is  to  excite  magnetism 
in  the  crire ;  consequently  the  coil  is  made  of  thick  wire  and  of  moderate 
length.  The  secondary  coil,  however,  is  made  of  very  thin  wire,  and 
of  great  length,  so  that  as  many  turns  as  possible  may  be  brought 
within  the  influence  of  the  core  and  of  the  primary  coil,  and  thus  pro- 
duce a  secondary  current.  As  with  the  galvanic  or  inducing  current, 
the  electro- motive  force  of  the  battery  is  proportionate  to  the  ntim- 
bcT  of  cells;  so  with  the  induced  or  secondary  current,  the  electro 
motive  force  of  the  coil  is  proportionate  to  the  number  of  turns  or  coili 
in  it. 

Induction  Coils  and  Electro-magnetic  Machines^ — An  induction  coil 
for  philosophical  or  electro-therapeutical  purposes  consists  usually  of 
iwtf  he^*'es  or  coiis  of  mre  enclosing  a  bar  of  soft  iron  or  a  bundle  of 


53 


ELECTRO-PHYSICS. 


iron  wins.^  The  inner  coil  is  counected  with  the  poles  of  a  battery, 
and  there  is  some  arrangement  for  breaking  the  current.  The  innei 
coil  is  composed  of  tolerably  coarse  wire,  and  is  comparatively  shorL 
The  current  that  runs  through  it  is  called  the  primary^  or  sometimes 
the  inducing,  current.  The  outer  coil  is  in  no  way  connected  with 
the  inner  coil»  but  receives  by  induciion  a  current  from  the  current  of 
the  inner  coil  as  it  is  alteniately  broken  and  closed.  The  ouiir 
coil  is  composed  q{  fine  wire,  and  it  is  very  much  longer  than  the 
inner  coiL 

The  finer  and  longer  the  wire,  the  greater  the  tension  of  the  current 
The  current  that  comes  through  the  outer  coil  is  called  the  secomiary 
current,  in  distinction  from  that  which  comes  from  the  inner  coil,  which 
is  called  the  primary.  In  both  coils  the  copper  is  insulated  with  silk 
covering. 

Rtihmkorff' s  CotL — The  most  powerful  of  all  coils,  and  the  one  best 
adapted  for  philosophical  experiments,  is  that  of  Ruhmkorff,  of  Paris. 
It  is  about  14  inches  in  length.  The  inner  coil  is  of  copper,  is  al>out 
2  mm.  in  diameter,  and  4  or  5  yards  long.  It  is  coiled  on  a  cylinder 
of  card-board,  and  is  enclosed  in  au  insulating  cylinder  of  glass  or 
rubber. 
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The  wire  of  the  outer  coil  is  of  copper,  from  -J  to  ^  ram.  in  diametcit 
and  from  thirty  to  sixty  miles  in  length.  The  distinctive  features  of 
this  coil  arc  these  : 

I  St.  It  is  coiled  in  sections  so  as  to  avoid  the  induction  of  the  outer 
coil  on  itself^  which  is  liable  to  take  place  when  it  is  very  long  and  the 
tension  is  high,  however  thorough  the  insulation. 

•  In  the  ranchine  of  Kidder,  to  be  described  under  Electro-Therapeutic?,  tlve  h^it 
is  composed  uf  three  or  more  colk  of  wlre^  not  distinct,  but  connected. 
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L  The  insularion  is  very  comjilete.  The  wire  is  covered  wilh  silk, 
and  each  winding  is  separated  from  the  others  by  a  layer  of  shellac 
In  the  larger  coils  of  Rtihinkorff  the  induced  currents  are  thousands  of 
times  stronger  ihan  the  primary  current  that  excites  them, 

77ie  Condenser  of  Ruhmkorff's  Coil. — The  intensity  of  the  current  of 
the  secondary  coil  is  increased  by  interposing  a  condenser  in  the  circuit. 
In  RuhmkortTs  coil  die  condenser  consists  of  130  sheets  of  tin-foil  18 
inches  square,  and  with  a  surface  of  about  75  square  yards*  These 
sheets  are  coiled  around  insulating  oiled  silk,  and  around  each  other,  so 
as  lo  form  two  armatures,  and  the  whole  is  placed  below  the  helix  in 
the  base  of  the  apparatus. 

Being  introduced  into  the  circuit,  tt  receives  the  extra  current  and 
increases  its  tension.  It  stores  up  aud  utilizes  force  that  would  oUier- 
wise  be  wasted  in  the  form  of  sparks  at  the  interrupter. 

Effects  produced  by  Ruhmkorff*  s  Coii, — ^The  tension  of  Ruhmkorff*s 
coil  is  enormous,  and  for  the  reasons  above  given — the  length  and  fine- 
ness of  the  secondary  wire  and  the  power  of  the  condenser.  It  possesses 
.all  tJjc  properties  of  statical  as  well  as  dynamuai  electricity.  It  is 
ipable  of  giving  a  shock  so  violent  as  to  prostrate  a  man,  and  if  a 
sufficient  number  of  elements  are  connected  with  it,  it  could  kill  as  by 
a  stroke  of  liglilning.  When  two  couples  are  connected  with  it^  it  will 
kill  a  rabbit*  It  causes  tine  iron  wire  to  melt  and  burn  with  a  bright 
light  It  can  rapidly  decompose  water,  or  produce  luminous  efifects  in 
the  water  without  deconrposiiion. 

It  decomposes  and  combines  gases.  Passed  through  a  hermetically 
sealed  tube  containing  air,  it  forms  nitrous  acid  from  the  nitrogen  and 
oxygen.     It  can  produce  a  spark  eighteen  inches  in  length  in  the  air. 

In  vacuo  it  produces  most  remarkable  effects.  In  the  so-called 
their ic  egg^  a  luminous  trail  is  observed  between  the  poles.  At  the 
positive  pole  the  light  is  red  and  brilHant ;  at  the  negative,  feeble  and 
violet.  If  vapor  of  alcohol^  or  turpentine,  or  bisulphide  of  carbon,  be 
introduced  into  the  vessel,  it  appears  in  the  form  of  alternate  light  and 
dark  ^ones  or  strata.  The  tints  vary  with  the  nature  of  the  vapor. 
The  same  phenomena  are  obtained  by  the  ordinary  galvanic  current 
from  a  large  number  of  cells.  The  luminous  effects  of  the  coil  are  as 
great  from  a  single  cell  as  from  a  large  number. 

In  electro- therapeutics  a  wide  variety  of  electro-magnetic  machines 
have  been  devised.  Most  of  them  are  run  by  one  or  two  cells,  like 
Smee's  or  Walker's,  and  the  current  generated  is  just  sufficient  for  ap- 
plication to  tlie  human  body,  and  are  but  little  adapted  for  the  pbilo 
sophical  room. 
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The  largest  induction  coil  of  which  we  have  any  knowledge  is  that  of 
Apps,  in  London.  It  is  nine  feet  ten  inches  long,  and  its  diameter  is 
two  feet.  The  soft-iron  core  is  five  feet  long,  four  inches  in  diameter, 
and  weighs  125  pounds.  The  length  of  the  primary  coil  is  3,770  yards, 
while  that  of  the  secondary  coil  is  one  hufidred  and  fifty  miles.  This 
battery  is  excited  by  48  large  Bunsen  cells.  It  gives  a  flash  twenty- 
nine  inches  long  that  will  perforate  five  inches  of  solid  plate-glass.  At 
the  Stevens  Institute  of  Technology,  Hoboken,  there  is  also  an  induc- 
tion coil  of  great  power. 

Properties  of  Induced  Currents. — Induced  currents  have  in  different 
degrees  all  the  properties  of  the  ordinary  galvanic  current.  They  pro- 
duce chemical,  thermic,  luminous,  and  physiological  effects.  They 
deflect  the  magnetic  needle,  magnetize  steel,  and  are  capable  of  them- 
selves exciting  induced  currents.  There  is  a  difference,  however,  be- 
tween the  effects  of  the  direct  induced  and  inverse  induced.  The 
direct  gives  a  powerful  shock,  the  inverse  a  mild  shock. 

The  direct  magnetizes  to  the  point  of  saturation,  the  inverse  does 
not  magnetize. 

In  their  action  on  the  galvanometer  they  are  about  equal  In  quan- 
tity, the  direct  and  inverse  induced  currents  are  about  the  same ;  but 
the  tension  of  the  direct  induced  is  greater  than  that  of  the  inverse 
induced. 

Comparative  Chemical  Effects  of  the  Galvanic  and  Induced  Currents. 
— ^That  the  chemical  character  of  currents  of  induction  is  distinctive  from 
the  galvanic  is  proved  by  the  following  experiment :  When  the  platinum 
ix)les  connected  with  an  induced  current  are  placed  in  water,  water  is 
decomposed  and  oxygen  produces  oxidation  of  platinum,  which  is  re- 
duced to  metallic  platinum  by  the  recombination  of  the  hydrogen  with 
the  oxygen.  This  process  takes  place  at  both  poles,  so  that  both 
become  covered  with  a  powder  of  platinum. 

If  a  solution  of  iodide  of  potassium  and  starch  is  brought  into  the 
circuit,  the  blue  color  appears  at  both  poles.  When  the  galvanic  cur- 
rent is  used,  the  blue  color  appears  only  at  the  positive  pole.  When 
the  induced  current  is  sent  through  water  it  decomposes  it,  just  as  the 
galvanic  current  does  the  oxygen  and  hydrogen,  both  appearing  at 
both  poles ;  but  they  recombine,  and  thus  the  water  does  not  appear 
to  be  decomposed  at  all. 

It  is  of  the  first  importance  to  the  electro- therapeutist  to  understand 
electro-magnetism,  for  it  is  the  form  of  electricity  most  used  in  electro- 
therapeutics. 

Magneto-electricity. — Magneto-electric  induction  is  the  induction  of 
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It  is,  as  the  term  implies,  the  reverse 
There  are  two  forms  of  magneto-el ec- 


dectnc  currents  by  magnetism. 
of  electro-magnetic  induction 
trie  induction. 

The  first  and  most  familiar  form  is  when  a  current  is  induced  in  a 
\  wX  of  insulated  wire.     The  second  form  is  when  a  current  is  induced  in 
conducting  plates. 

Under  electro-magnetic  induction  we  have  seen  that  the  coil  of 
wire  in  which  a  current  circulates  produces  a  contrary  induced  cur- 
rent in  an  adjacent  coil  whenever  a  change  is  made  in  the  current  by 
opening,  closing,  withdrawing,  or  approaching  it.  The  strength  of  the 
induced  current  is  proportioned  to  the  amount  and  suddenness  of  these 
changes.  If  now  we  substitute  for  the  primary  or  inducing  coil  a  per- 
manent bar  mag  net i  and  cause  it  to  approach  or  withdraw  from  the  ad* 
jacent  coil,  it  induces  a  current  in  that  coil,  This  principle  is  the 
basis  of  all  the  magneto-electric  machines  that  are  so  familiar  to  stu- 
dents of  philosophy,  and  that  were  once  so  much  used  in  electro-thera- 
(leutics. 

The  development  of  magneto  electricity  is  shown  in  a  very  simple 
inanD^^  by  the  common  horseshoe  magnet,  its  armature, 
and  a  copper  wire.  Let  the  armature  A  B  be  encircled 
by  the  wire  C,  one  end  of  which  is  flattened  and  amal- 
gamated with  nitrate  of  mercury,  and  the  other  filed  to 
a  point  \Mien  the  armature  is  placed  upon  the  magnet, 
the  moment  of  contact,  when  it  is  withdrawn,  and  the 
act  of  witlidrawal,  will  each  be  marked  by  a  spark  of 
electricity  at  C,  where  the  two  extremities  of  the  wire 
meet- 

The  electric  current  flows  in  one  direction  at  the  in- 
stant magnetism  is  induced  in  the  soft  iron  wliich  is 
enclosed  by  the  coil  of  wire,  and  in  the  opposite  direc- 
tioo  when  its  magnetism  is  destroyed. 

In  the  electro-magnetic  machines  in  ordinary  use  a  soft-iron  arma 
ttlie  covered  with  wire  is  made  to  rotate  in  front  of  the  poles  of  a  per- 
niaijent  horseshoe  magnet.  As  the  armature  rotates^  its  two  ends  are, 
of  course,  alternately  brought  near  to  and  removed  from  the  bars  of  the 
ma^ct,  and  thus  two  currents  are  induced  in  the  wires  that  cover  the 
nature.     Each  current  lasts  half  of  a  revolution,  and  if  the  rotation 

^  rapidly  kept  up,  a  current  is  produced  which  may  be  perceived  when 
the  ends  of  the  wires  are  joined. 

A  Continuous  Current  from  Magneto-electric  Machines. — When  the 
annatures  of  tiie  magneto-electric  machine  are  made  to  revolve  with 
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sufficient  rapidity,  a  continuous  current  is  produced  which  has  all  the 
properties  of  the  galvanic  current.  Magneto-electric  currents  are, 
therefore,  extensively  used  in  electrolytic  experiments  and  in  electro- 
plating. It  is  possible  that  some  of  these  may  be  utilized  in  electro- 
therapeutics. 

Currents  induced  by  Magnetism  in  Conducting-flates:  Magnetism 
of  Rotation. — In  1824-5  Arago  discovered  that  when  a  copper  disk  re- 
volved with  great  rapidity  under  a  needle  resting  on  a  disk  above  the 
disk,  the  needle  deflected  in  the  direction  of  the  motion  of  the  disk. 
After  a  time,  if  the  movement  be  sufficiently  rapid,  the  needle  refuses 
to  remain  fixed,  and  turns  around  after  the  disk.  The  explanation  of 
this  phenomenon  was  given  by  Faraday  in  183 1.  He  showed  that  it 
arose  from  the  reaction  of  the  currents  induced  in  the  plate  by  the  mag- 
net. The  magnetism  of  rotation  is  only  one  of  the  many  phenomena 
connected  with  induction.  All  these  phenomena — induction  by  currents 
of  magnetism  and  by  rotation — are  explained  by  the  theory  of  Ampere 
before  cited.  They  are  at  once  in  harmony  with  that  theory  and  con- 
firmatory of  it. 

History  of  Induction. — ^The  discovery  that  electric  currents  of  mag- 
netism can  induce  currents  in  neighboring  circuits  was  made  by  Faraday 
in  1830.  His  researches  on  the  subject  were  pubHshed  in  the  Philo- 
sophical Transactions  in  1831  and  1832. 

This  discovery  of  Faraday,  like 'that  of  Oersted,  was  the  result,  not 
of  accident,  but  of  long  and  laborious  experimentation.  As  early  as 
1825  Faraday  had  sought  to  make  a  wire,  through  which  the  galvanic 
current  was  passing,  induce  a  current  in  a  neighboring  wire,  just  as  a 
conductor  charged  with  Franklinic  electricity  would  have  done.  Not 
until  183 1  did  he  find  out  that  the  current  must  be  broken  or  closed, 
or  approached  or  withdrawn,  before  i(:  could  induce  a  current  in  a 
neighboring  wire. 

In  1832  Prof.  Henry,  then  of  New  Jersey,  now  of  the  Smithsonian 
Institute,  Washington,  observed  phenomena  which,  in  1834,  Faraday 
showed  were  due  to  the  extra  current.  In  1837  Bachhoffner  and 
Sturgeon  showed  that  a  bundle  of  wire  was  better  in  an  induction  appa- 
ratus than  a  rod  of  soft  iron. 

In  1 84 1  Prof.  Henry  studied  the  inductive  action  of  currents  on 
currents.  In  1850  or  1851  Ruhmkorff  constructed  the  induction-coil, 
and  in  1853  Fizeau  greatly  increased  its  power  by  adding  to  it  a  con- 
denser. The  discovery  that  discharges  of  the  Leyden  jar  made  a 
primary  spiral  induce  a  current  in  a  secondary  spiral,  and  that  currents 
of  the  third,  fourth,  and  fifth  order  can  be  thus  produced,  and  of  suffi- 
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'^iGfSilglll  to  give  shocks,  bum,  etc,  was  made  simultaneously  by 
Profji.  Henry,  of  Washington,  and  Riess,  of  Berlin, 

The  first  magnetoelectric  machme  was  made  by  Faraday  in  1831. 
The  first  machine  of  the  style  now  used  was  made  by  Pixii  in  1832, 
Improvemems  have  been  since  made  bySaxton  (1833),  Clarke  (1836), 
Pelrine  (1844),  Stuhrer  (1844),  Siemens,  Halske,  Duchenne,  and 
others^ 


THERMO-ELECTRICJTV, 

ThirmO'electrkiiy  is  thai  form  of  efeciricity  that  arises  from  the  heai- 
mg  of  two  heterogeneous  conductors  at  their  junction.  The  two  most 
important  methods  of  generating  thermal  currents  are,  ist,  with  two 
[torlions  of  the  s^nie  metal ;  and  ad,  with  two  difierent  kinds  of  metal. 
Thermo-electricity  generated  hy  One  Metal, — If  a  copper  wire  be 
cut  into  two  |>iece5»  and  one  of  the  ends  be  heated  to  redness  and 
pressed  against  the  end  of  the  other  piece,  a  current  of  electricity  is 
produced.     This  is  demonstrated  by  the  galvanometer. 

When  different  portions  of  the  same  metal  have  different  structures, 
a  current  is  obtained  when  the  point  where  both  structures  come 
together  is  heated 

Iff  for  example^  a  platinum  wire  be  twisted  or  bent  on  itself,  this 
twisting  so  changes  the  structure  of  the  wire  that  a  current  is  generated 
by  heating  tlie  point  of  union  between  the  twisted  and  non-twisted 
portion* 

Thermo  electricity  generated  by  7\m  Metals, — Let  A  and  R  (Fig,  30) 
be  respectively  bars  of  antinujny  and  bisnuith^  soldered  to- 
gether, while  G  represents  a  galvanometer  connected  by  two 
wires  with  the  free  extremities  of  the  metals. 

When  the  junction  S  of  the  metals  is  heated,  a  current  of 
electricity  is  generated,  which  llows  from  the  bismuth  to  the 
antimony,  as  shown  by  the  arrow.  If  the  junction  S  is  chilled 
by  applying  ice,  a  current  is  also  produced,  but  in  the  appo- 
site direction.  This  combination  constitutes  a  thermo-electric 
pair. 

Thermo-electric  Batteries. — ^A  number  of  thermo-electric 
couples  soldered  together  so  that  the  coi)per  or  antimony  of 
aoe  is  soldered  to  the  bismuth  of  the  other,  and  so  on,  is  called  a 
ihermoeliciric  battery.  The  current  is  generated  by  heating  one  row 
of  the  soldered  faces^  or,  as  the  current  depends  on  the  difference  of 
temperature  of  the  two  sides,  by  applying  ice  to  one  side  and  heat  to 
tjie  other. 
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VjHM'S  law  AKD  its  PRACl'ICAL  APPLICATION  TO  ELECTRO-THERAPEimCS. 


The  basis  of  all  electrical  measurement  is  Ohm*s  law,  which  is,  that 
llic  fuantity  of  electricity  passing  through  any  point  in  a  circuii 
VMries  directly  as  the  electro-motive  foree^  and  inversely  as  the  resistance. 
Putting  Q  for  quantity,  E  for  electro-motive  force,  and  R  for  resistance, 
he  law  is  thus  expressed  :   Q  =  ?. 

This  law  was  discovered  by  Prof,  Ohm,  of  Nuremberg,  in  1827,  and 
>r  a  long  time  was  neglected.     It  is  the  north-star  of  dynamical  elec- 
■idly.     Those  who  can  keep  this  always  in  sight  need  never  lose  their 
ray,  however  long  or  intricate  the  explorations  they  may  make  in  this 
i\X)rtant  and  fascinating  realm.     Although  originally  nothing  but  a 
beory,  yet  it  has  been  powerfully  conlirmed  by  the  mathematical  calcu* 
)s  of  Fcchner,  Pouillet,   Koldrausch,  Daniell,  De  la  Rive,  and 
^'hcatstone,  and  has  proved  itself  competent  to  explain  all  the  phe- 
nofnena  with  which  it  has  to  do.     Just  as  the  strength  of  the  theory  of 
ravilatioii  consists  m  its  power  to  account  for  the  movements  of  the 
system,  just  as  the  strength  of  the  undulatory  theory  consists  in 
awer  to  explain  the  complex  phenomena  of  light,  so  the  strength 
of  Ohm's  law  consists  in  its  power  to  account  for  the  phenomena  of  dy- 
namical electricity.     As  no  one  can  be  master  in  astronomy  without 
understanding  gravitation,  or  in  optics  without  understanding  the  undu- 
itory  tiieory,  so  no  one  can  be  master  in  electricity  without  under- 
tanding  Ohm's  law. 
We  shall  endeavor  to  make  this  law  and  its  application  as  clear  as 
nature  of  the  subject  will  allow,     It  is  necessary  to  define  certain 
as  that  are  not  very  familiar ;  first  of  all,  units  of  measurement, 
A  unit  is  an  abstract  term  to  express  any  determined  quantity^  by  the 
>ip€fitwn  of  which  any  other  quantity  of  the  same  kind  can  be  measured. 
An  ohm  i*  a  unit  of  resistance ;    one  million  ohms  —  one  megohm; 
t»nc  millionth  of  an  ohm  =  one  microhm. 

A  number  of  units  of  resistance  have  been  proposed — among  others, 
S 
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definite  lengths  of  wires  of  a  definite  thickness ;  but  wire  is  rarely  purc» 
and  the  different  specimens  widely  vary. 

In  1864  the  British  Association,  acting  on  the  suggestion  of  Webefj 
decided  that  electrical  resistance  could  be  expressed  as  an  absolute  ve- 
locity, without  any  reference  to  the  substance  that  conducts.  This  unit, 
which  expresses  a  velocity  of  10,000,000  metres  in  a  second,  is  called  a 
B,  A,^  or  British  Association^  unit. 

Previous  to  this  action  of  the  Association  the  best  known  units  were 
those  of  Siemen  and  Varley.  Siemeris  unit  is  a  column  of  pure 
mercury,  one  metre  long  and  one  square  millimetre  in  sections  at  o®  C. 
Varices  unit  was  one  mile  of  ordinary  copper- wire,  No.  16,  -j^  of  an 
inch  in  diameter  at  60°  F.  The  B,  A,  unit  of  the  British  Association  is 
embodied  in  an  alloy  of  platinum  and  silver.  This  alloy  has  the  ad- 
vantage of  German  silver,  that  its  conducting  power  does  not  change 
with  long  use. 

The  unit  of  electro-motive  force  is  called  a  volt,  A  volt  is  equal  to 
about  the  force  of  a  Daniell  cell,  or  the  decimal  -9268. 

The  unit  of  quantity  is  a  farad.  In  other  words,  a  farad  is  the 
quantity  of  electricity  which,  with  a  certain  electro-motive  force,  flows 
through  a  certain  resistance. 

The  terminolog}'  of  electricity  in  general  has  been  atrociously  diffi- 
cult and  obscure,  but  nowhere  has  there  been  deeper  obscurity  and 
grosser  misunderstanding  and  inconsistency  than  in  the  application  of 
the  terms  resistance^  quantity^  tension^  and  electro -motive  force. 

Electro-motive  Force. — The  electro-motive  force  is  the  force  that  urges 
forward  the  current. 

It  is  the  origin  of  tension^  to  be  hereafter  defined.  This  force  if 
modified — 

ist.  By  the  nature  of  the  plates  of  which  the  element  is  composed. 

2d.  By  the  nature  and  strength  of  the  acid  solution. 

3d.  By  the  number  of  elements  in  the  solution. 

Substances  that  stand  at  or  near  the  two  extremes  of  the  electro- 
positive and  electro-negative  series,  generate  a  stronger  electro  motive 
force  than  substances  that  stand  near  each  other. 

Zinc  and  platinum  or  zinc  and  carbon  give  more  electro-motive 
force  than  zinc  and  copper,  because  the  difference  in  their  oxidability 
is  greater,  and  they  stand  farther  apart  in  the  electro-positive  and 
electro-negative  series. 

Plates  that  are  imperfect  in  their  stnicture,  or  which  contain  impuri- 
ties that  generate  currents  in  opposition  to  the  main  current,  or  plates 
that  are  worn  o»  t,  or  are  er crusted  with  the  products  of  chemical 
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composition,  give  less  electro-motive  force  than  plates  that  are  per- 
fect, fresh,  and  clean. 

Similarly  also  the  electro-motive  force  is  diminished  by  the  polarizing 
■ction  of  the  carrent  in  the  celL  Thus,  in  the  Sniee  cell,  the  hydrogen 
that  gathers  on  the  platinum  plate  and  the  oxygen  that  gathers  on  the 
line,  generate  a  current  that  is  opposite  in  direction  to  the  main  cur- 
rent, and  enfeebles  it ;  and  for  this  reason,  lifting  the  plates  out  of  the 
liquid  a  moment  to  allow  the  gases  that  form  on  them  to  escape,  01 
vigorously  agitating  the  liquid,  at  once  increases  the  electro-motive 
force*  Strong  acids  which  excite  vigorous  chemical  action  give  more 
clcctxo-motive  force  than  weak  acids,  and  therefore  it  is  that  sulphuric 
ftod  nitric  and  chromic  acids  are  so  much  used  in  batteries. 

\^Tien  the  proportion  of  acid  in  the  solution  is  large,  electro-motive 
force  is  greater  than  when  it  is  small  Strong  solutions,  however,  con- 
sunac  the  plates  faster,  and  the  electro -motive  force  will  be  reduced 
thereby  sooner,  other  conditions  being  the  same,  than  when  weak  sohi- 

Etions  are  used. 
The  electro-motive  force  is  exactly  proportioned  to  the  number  oj 
fltmenis^  without  regard  to  tlieir  size.  Two  elements  give  twice  as 
mtich  electro-motive  force  as  one  element,  and  one  hundred  elements 
give  one  hundred  times  as  much  as  one  element  of  a  similar  character. 
This  cao  be  proved  by  a  galvanometer,  with  a  long  resistance-coil, 
where  the  deflection  of  the  needle  will  be  in  pretty  exact  proportion  to 

ithc  mimber  of  cells  brought  into  the  circuit.  The  exactness  of  tliis 
proportion  is  of  course  modified  by  the  imperfections  of  individual  ele- 
ments, or  by  variation  in  the  quantity  and  strength  of  solution  in  each 
cell  J  but  the  law  always  holds  good. 
As  with  the  long-coil  galvanometer,  so  with  the  human  body,  or  any 
other  powerful  resistance  whatsoever,  the  electro*motive  force  that  passes 
through  it  will  be — all  other  conditions  being  the  same — proportioned 
to  the  numker  of  elements  and  without  regard  to  their  site.  If  a  series 
of  veiy  large  elements  are  opposed  to  an  equal  series  of  very  small 
I  dements  of  similar  construction,  no  current  will  pass;  they  will  neu- 
^B  traliie  each  other.  If  both  be  tested  by  the  galvanometer  with  a  long 
^■resistance,  they  will  cause  similar  deflections  of  the  needle, 
^f  llii  quantity  of  electricity  that  passes  through  a  circuit  is  directly  pro- 
f0rtioned  to  the  electro -motive  force*  If  there  were  no  resistance  in  the 
circuit,  quantity  and  electro-molive  force  would  be  the  same :  Q  =  E. 
BttI  tlicre  can  be  no  circuit  without  some  resistance,  therefore  Q  nevei 
equals  E. 

Electro- motive  force  of  different  batteries,  approximately: 
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Grove, ,  ,• .,,..100 

Bunscn . , ,  * .......*...  98 

Daniel! 56 

Smee  (when  not  in  action} 57 

"     (when  in  action) 25 

WoUaston  (copper  and  zinc) 46 

Mari6  Davy  (sulphate  of  mercury  and  graphite) .  76 

Chloride  of  silver 62 

Chloride  of  lead 30 


These  estimates  are  the  mean  of  a  very  large  number  of  Dbserva 
dons  by  Latimer  Clark,  taken  on  a  sine  galvanometer  The  electro- 
motive  force  is  somewhat  modilied  by  various  undetermined  causes* 

Tenswfif  or  Potential. — Tension  is  that  quality  of  electricity  by  7vhich 
it  overcomes  resistance.  This  definition  is  practical  rather  than  strictly 
scientific,  and  can  only  be  understood  by  explanation. 

Tension  is  a  result  of  the  electromotive  force,  and  is  dependent  on  it, 
and  by  mistake  the  two  are  often  confounded.  The  sum  and  the  diffe- 
rences of  electro  motive  force  are  always  equal  to  the  sum  and  diffe- 
rences of  tension,  but  they  are  differently  distributed  in  the  circuit. 
By  mathematicians  the  term  potential,  suggested  by  Green,  is  preferred 
to  tension.  The  term  is  a  relative  one,  and  no  body  or  part  of  a  body 
can  be  said  to  have  an  absolute  tension  or  potential.  The  potential  of 
a  body  is  really  the  difference  between  its  potential  and  that  c^{  the 
earthy  which  is  assumed  to  be  zero.  Electricity  flows  from  a  body  or 
part  of  a  body  at  a  higher  potential,  to  a  body  or  part  of  a  body  at  a 
lower  potential,  and  the  work  which  it  does  measures  its  amount 
Differences  of  potential  may  be  compared  to  differences  of  level  for 
water.  As  water  tends  to  flow  from  a  higher  level  to  a  lower  level  un- 
til all  is  of  a  uniform  height,  so  electricity  tends  to  tlow  from  a  higher 
to  a  lower  potential  until  the  potential  of  all  parts  of  the  conductor  is 
the  same,  and  ceases  to  flow.  An  instance  of  extreme  tension  is  found 
in  lightning,  where  it  is  caused  by  the  differences  in  the  e!ectro-motive 
forces  between  two  clottds,  or  between  the  clouds  and  the  eaiih. 

The  tension  of  the  frictional  machine  is  very  great,  for  the  reason 
that  it  is  not  at  all  influenced  by  the  resistance  of  the  circuit,  which 
in  the  galvanic  battery  is  very  great  If  the  current  of  the  galvanic 
battery  encountered  no  resistance  in  the  circuit,  or  was  not  affected  by 
resistance,  its  tension  would  be  enormous. 

The  term  intensity  has  long  h^^n  nsed  as  synonymous  with  tension  , 
but,  strictly  speaking,  intensity  is  derived  from   the  French  intcnsiti^ 
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has  been  translated  intensity,  but  which  really  means  quantity. 
It  is  better  to  dispense  entirely  with  the  terra  intensity,  and  we  have 
Hone  so  in  the  present  work. 

Our  definition  of  tension  may  be  thus  illustrated  :  Let  a  battery  of  loo 
cells  be  joined  in  the  ordinary  tension  arrangement^  zinc  united  with 
carbon  and  so  on.  Place  the  battery  on  an  insulated  stand,  and  connect 
the  xinc  or  negative  pole  with  the  earth,  leaving  the  other  free.  Regard- 
ing the  earth,  for  convenience*  sake,  as  zero,  the  copper  pole  will  have 
m  tension  of  o,  while  the  free  end  will  have  a  tension  of  loo  poittr", 
\i  ^  wire  be  connected  with  the  free  end,  a  current  would  ^q\\  from  ti 
to  the  earth.     If  now  we  reverse  the  position  of  the  poles,  connecting 

^tlie  carbon  pole  with  the  earth,  and  leaving  the  other  free,  the  carbon 

end  will  be  o,  and  the  zinc  end  will  be  loo  negative^  and  if  it  be  con- 

cted  with  the  earth  a  current  will  flow  from  the  earth  to  it.     In  both 

'of  these  cases  the  tension  is  the  sanie ;  in  one  case  it  is  positive,  in  the 
otiier  negative*  Take  the  same  battery,  with  the  zinc  pole  connected 
with  the  earth,  and  join  the  carbon  and  zinc  ends  by  a  short,  thick  wire, 
and  a  strong  current  will  flow  through  the  wire.    But  here  conies  in  the 

I  difference  between  tension  and  electro-oiotive  force,  for  it  can  be  ascer* 
tained  by  proper  tests  that  the  electro-motive  force  of  the  battery  is  the 
sarne  as  it  was  before  the  ends  were  joined,  but  the  tension  has  changed* 
Before,  it  was  loo  positive  at  the  carbon  end^  now  it  is  almost  o. 
If,  instead  of  a  short,  thick  wire,  a  long,  fine  wire  that  offers  greater 
resistance  be  used  to  connect  the  poles,  the  tension  at  the  carbon  end 
will  rise  with  the  increase  in  resistance  in  the  wire.     When  the  n;sist- 
ance  becomes  infinitely  great,  the  tension  becomes  too  again,  but  it 
^^can  never  exceed  loo,  for  the  tension   can  t\c\^t  exc^^d  the  clectro- 
^RDOtive  force  at  any  point,  although  it  may  fall  very  much  below  it 
^^     These  two  general  laws  in   regard   to  tension  should  be   reraem- 
bered  : 

ist.  It  rises  with  the  distance  from  the  zero  end  of  the  circuit. 
2d,  The  quantity  of  electricity  passing  between  any  two  points  ia 
always  proportioned  to  tlie  difference  of  tension  between  diese  points. 
The  actual  ^tension  may  be  high  or  low,  positive  or  negative,  but  there 
can  be  no  current  without  differences  of  tension,* 

ITie  arrangement  in  series  (or,  as  it  is  erroneously  called,  "intensity 
arrangement "),  is  when  the  electro-positive  element  of  one  cell  is  united 
to  the  electro-negative  element  of  the  next  cell,  and  so  on.  The  "  quan* 
lity  airangement,'*  or  ^^  Multiple  arc^*^  fe  when  all  the  electropositive  el& 
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ments  are  united  to  all  the  electronegative  elements  so  as  to  make  ono 
large  element.  The  airangement  in  series,  or  a  '^  tension  arrangement," 
is  used  for  all  ordinary  galvanization  and  electrolyzation.  The  multiple 
arc,  or  "  quantity  arrangement,"  is  used  in  galvano-cautery.  The  phrases 
"joined  for  tension,"  or  "  intensity,"  and  "joined  fur  quantity,"  are 
relics  of  old  and  exploded  theories  of  electricity.  For  convenience* 
sake  they  are  still  used ;  but  those  who  understand  Ohm's  law  need 
not  be  deceived  by  them. 

Resistance, — Resistance  is  that  quality  of  a  conductor  thai  impedet 
the  passage  of  a  circuit. 

There  are  two  kinds  of  resistance  in  any  circuit : 

I  St.  That  of  the  battery  itself  {^Internal  Resistance). 

2d.  That  of  the  connecting  wires  (circuit  outside  of  the  battery),  the 
galvanometer,  the  human  body,  or  other  substance  introduced  into  the 
circuit  {External  Resistance). 

How  Resistance  is  Modified, — Resistance  is  modified  in  three  ways: 

I  St.  By  the  nature  of  the  substance,  whether  liquid  or  solid,  or  by  itf 
special  chemical  composition. 

2d.  By  the  form  of  the  substance,  whether  long  or  short,  of  small  or 
large  diameter. 

3d.  By  the  temperature. 

It  is  proved  by  experiment  that  the  resistances  of  wires  of  the  same 
material  and  of  the  same  thickness  are  directly  proportioned  to  their 
lengthy  and  inversely  proportioned  to  the  squares  of  their  diameters, 

A  wire  one  mile  in  length  gives  twice  the  resistance  of  a  wire  half  a 
mile  long,  and  four  times  the  resistance  of  a  wire  one-fourth  of  a  mile 
long.  On  the  other  hand,  wires  of  the  same  metal,  but  of  diameters 
which  stand  to  each  other  in  the  relation  i,  2,  3,  offer  a  resistance  which 
stand  to  each  other  as  r,  i,  \,  In  other  words,  the  longer  the  wire  the 
greater  the  resistance,  the  thicker  the  wire  tlie  less  the  resistance.  The 
same  law,  but  less  exactly,  applies  to  liquids,  and  for  this  reason  kurgt 
elements  give  less  resistance  tlian  small  elements.  The  relative  specific 
resistances  of  a  number  of  metals  at  a  temperature  of  54*^  F.  are  as 
follows  : 

Copper I  Iron 7.5 

Gold 1.4      Lead 11 

Zinc 3.7       Platinum 11.3 

Mercury  (at  57°) 50.7. 

The  converse  of  resistance  is  conduction. 

The  following  table  of  the  relative  conductibility  of  metals  at  32®  F 
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b  lakcQ  from  Latimer  Clark.     It  will  be  perceived  that  it  varies  some 
«rhai  from  the  above  table  of  relative  resistances : 


Slver , .  - 1  DO 

Copper  (pure) 99*9 

**           selected  (commer- 
cial),,..85  to  95 
Copper,    ordinary     (commer- 
cial)  40  to  70 

Brass 20 

Gold. 78 


Zinc .•..*.••«..  .29 

Steel  ...•..♦*.. 16 

Iron 15 

German  silver .  * ...  1 2  to  15 

Tin 12.4 

Lead S.s 

Platinyni 6,9 

Mercury 1.6 


n 


It  will  be  seen  that  both  estimates  agree  in  making  copper  and  silvei 
the  best  conductors,  and  for  that  reason  copper-wire  is  so  much  used 
in  making  battery  connections.  In  both  tables  platinum  stands  low  in 
cx^tMluctibiUtY,  and  for  that  reason  platinum  wire  is  used  when,  as  in 
galrano-cautery,  it  is  required  to  generate  heat  by  passing  the  current 
througb  a  rtsisiing  medium.  If  mercury  could  be  made  in  the  form 
of  a  wire  it  would  of  course  be  better  than  platinum,  since  its  resist- 
lAce  is  somewhat  greater.  Bismuth^  graphiU^  and  coke  rank  still  lower 
in  conducting  power  than  mercury.  The  resistance  of  liquids  is  enor- 
mous. Thus,  taking  copper- wire  at  52**  F*  as  i,  the  resistance  of  a 
^tixrated  solution  of  sulphate  of  copper  at  4S**  F.  is  16.885.520 ;  ditto 
o^  chloride  of  sodium  at  56^  F.,  2.903.538;  ditto  of  sulphate  of  zinc, 
15.861.267 ;  sulphuric  acid  diluted  to  ^  at  68^  F.,  1.032,020  ;  nitric 
add  at  55*  F.,  976.000;  distilled  water  at  59**  F.,  6.734,208.000, 

It  has  been  estimated  that  the  human  body,  by  virtue  of  the  salts 
which  it  contains,  conducts  15  or  20  times  better  than  water^  provided 
ike  lAin  kt  fully  moistened ;  and  that  copper  conducts  from  three  to 
four  hundred  million  times  better  than  the  human  body, 

EJfeets  0/  Temperature  on  .^^j/V/tJ^yr^.— Resistance  is  more  or  less 
iDodi6ed  by  temperature. 

Between  i^  and  too**  G.  the  relative  conducting  power  of  the  metals 
moaiiis  the  same ;  at  loo"^  metals  lose  about  30  per  cent,  of  their 
conductibility  as  compared  with  o^  C. ;  but  this  vanes  with  different 
fiietats.  Conductivity  is  increased  by  annealing.  Non-metallic  sub- 
stances increase  in  conductivity  as  they  rise  in  temperature.  Water, 
for  example,  when  heated  conducts  belter  than  water  cold.  When  a 
current  passes  from  a  Uquid  to  a  solids  or  vice  versd^  tlie  resistance  if 
I  crry  greaL 
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All  Resistance  relative, — No  substances  absolutely  resist  the  passage 
of  electricity ;  even  resin,  glass,  and  sulphur,  the  worst  conductors,  do 
conduct  a  slight  current,  as  can  be  proved  by  a  very  delicate  galvano 
meter. 

No  perfect  Conductor. — Even  the  best  conductors,  as  copper  and 
silver  and  gold,  are  imperfectly  so ;  they  all  resist  the  current  more  or 
less. 

This  can  be  shown  with  the  galvanometer,  which,  when  brought  di- 
rectly into  the  circuit,  showr  a  deflection  of  the  needle.  When  short 
wires  of  copper  or  silver  are  interposed  the  deflection  is  lessened. 

If  we  now  comprehend  the  terms  electro-motive  force  and  resistance^ 
we  shall  have  no  difficulty  in  comprehending  the  term  quantity,  for, 
according  to  Ohm's  law,  the  quantity  varies  directly  as  the  electro-mo- 
tive force  and  inversely  as  the  resistance. 

The  quantity  of  electricity  is  the  amount  which  passes  through  the 
circuit  in  any  given  lime. 

This  depends,  according  to  Ohm's  law,  on  two  factors — the  electro- 
motive force  and  the  resistance.  The  quantity  varies  directly  as  the 
electro-motive  force ;  and  if  there  were  no  resistance,  quantity  would 
be  precisely  the  same  as  electro-motive  force.  But  the  quantity  varies 
inversely  as  the  resistance^  and  therefore,  to  find  out  what  the  quantity 
of  any  current  is,  we  divide  the  electro-motive  force  by  the  resistance. 
The  fraction  thus  formed  is  the  quantity  or  the  strength  of  the  current^ 
as  we  commonly  call  it.  There  are,  as  we  have  seen,  two  kinds  of 
resistance,  that  in  the  battery  and  that  in  the  circuit  outside  of  the  bat- 
tery ;  both  of  these  must  be  taken  into  account  in  estimating  the  relation 
of  the  different  kinds  of  batteries,  and  in  selecting  batteries  for  special 
kinds  of  work.  Let  E  be  the  electro-motive  force,  R  the  resistance 
of  the  circuit  outside  of  the  battery,  r  the  resistance  in  the  battery ; 

then =  Q,  the  quantity  or  strength  of  the  current — the  number  of 

farads  or  measures  of  electricity  that  flow  through  the  circuit  in  a  given 
time.  The  correctness  of  this  mathematical  conclusion  may  be  demon- 
strated on  a  galvanometer  that  has  only  a  short  resisting  wire  ;  one  cell 
will  deflect  the  needle  nearly  as  much  as  one  hundred  cells.  Again, 
when  any  number  of  cells  are  joined  together  with  great  external  resist- 
ance^ such  as  is  offered  by  a  long^  fine  ivire^  or  by  the  whole  human  hody^ 
for  example^  the  quantity  of  electricity  that  flows  through  the  circuit 
will  increase  with  the  increase  in  the  number  of  cells. 

There  is  no  inconsistency  between  these  phenomena.  It  is  indeed  a 
part  of  and  a  conclusion  from  Ohm's  law.     Everything  depends  on  the 
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txi€mai  resistance.  Although  in  this  case,  as  in  tlie  other,  each  added 
cell  brings  in  its  owti  internal  resistance  that  counterbalances  the  elec- 
tro-motive  force,  yet  the  internal  resistance  bears  so  small  a  propartion 
10  the  large  external  resi:atance  that  the  quantity  of  electricity  flowing 
through  the  circuit  will  be  pretty  dii ectly  proportioned  to  the  number 
of  cells. 

Still  keeping  Ohni*s  law  before  us,  we  can  demonstrate  this  mathe- 
matically. 

Let  the  eTectro-motive  force  of  any  cell  be  10  volts,  and  the  inter na* 
resistance  be  ao  ohins,  and  tlie  external  resistance  afforded  by  the 
human  b&dy  10,000  ohms.  The  quantity  of  a  single  cell  could  be  thus 
represented : 

to  electro-motive  force  W  % 


»o  iotcmaJ  ^lutance,  and  to,c»o  external  reMstaooe        lO^QKi        MM 

AgaiOi  we  may  illustrate  this  as  follows : 

One  hundred  cells  are  joined  together  and  the  ends  are  connected 
by  a  sliort  wire.  Let  the  electro-motive  force  of  one  cell  be  10  volts 
or  tmils  of  electro-motive  force,  then  the  electromotive  force  of  100 
cells  will  be  1,000  volts.  Let  the  resistance  in  each  cell  be  5  ohms^  or 
ttoits  of  resistance,  then  the  resistance  in  the  100  cells  will  be  500 
ohms.  Let  the  resistance  of  the  short  connecting  wires  be  10,000 
ohms  :  now,  in  order  to  find  the  number  of  farads  of  electricity — that 
is,  the  quantity  or  strength  of  the  current  that  flows  through  the  con* 
Dccting  wire — divide  the  electro-motive  force  by  the  resistance  and  we 
have  this  fraction  : 

i«ooo  ewcif (^  motive  fefcfl  x,odo 


v^ooo  resiitimce  of  wire,  niid  300  zc&Utsuice  of  bfttioy        icssoo 

Tliis  fraction  reduced  =  /j^,  a  little  more  than  ^  which  fraction  rep- 
resents the  quantity  of  electricity  that  flows  through  the  wire. 

We  may  illustrate  this  law  by  supposing  a  current  of  water  passed 
through  an  ordinary  syringe.  The  quantity  of  water  that  flows  through 
the  tube  will  be  directly  proportioned  to  the  force  with  which  it  is 
\xrgt.A  forward  by  the  piston  ;  this  force  would  correspond  lo  electro- 
motive force.  The  friction  will  correspond  to  the  internal  and  ex- 
ternal resistance  of  the  battery*  Now  if  we  divide  the  one  by  the 
other,  we  have  the  quantity  of  water  which  in  a  given  time  flows 
through  tlie  tube,-  or  the  strength  of  the  current.  In  this  way  we  can 
find  the  number  of  cubic  inches  of  water  that  flow  through  the  tube  in 
a  £CComl  of  time,  just  as  we  can  find  the  number  of  faradSj  or  units  of 
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qiuiDtity  of  electricity,  that  flow  through  a  circuit.  It  follows  from  aU 
this,  of  course,  that  if  the  electro-motive  force  be  very  greatly  in- 
creased, the  resistance  being  the  same,  the  quantity  must  be  increased ; 
but  if  the  resistance  be  increased  in  proportion  to  the  increase  of  the 
electro-motive  force,  the  quantity  will  not  be  any  greater. 

Absolute  Quantity  and  Actual  Quantity, — It  also  follows  that  the 
absolute  quantity  of  any  battery — the  amount  that  it  is  capable  of 
generating — may  be  very  much  greater  than  the  actual  quantity  that 
it  sends  through  a  circuit.  Everything  depends  upon  the  resistance^ 
whether  it  be  small  or  great 

Relation  of  Quantity  to  Electro-therapeutics. — It  is  important  to  know 
how  to  ascertain  the  quantity  of  electricity,  for  nearly  all  of  the  lead- 
ing actions  of  electricity  depend  on  quantity.  It  is  quantity  that 
deflects  the  needle  of  the  galvanometer,  and  quite  accurately  mea- 
sures the  current  that  passes  through  the  wires  that  surround  the 
needle.  It  is  quantity  that  decomposes  chemical  substances,  as  water, 
salts,  the  human  body,  etc  Hence,  electrolytic  operations  largely 
depend  on  the  quantity  of  electricity  that  flows  through  the  tissues 
acted  on.  It  is  quantity  that  accomplishes  much  of  the  therapeutical 
effect  of  the  different  forms  of  electrization — although  tension  alone, 
with  very  small  quantity,  may,  as  in  the  case  of  frictional  or  frank- 
linic  electricity,  be  capable  of  therapeutical  effects.  Franklinic  elec- 
tricity, however,  relieves  and  cures  disease  by  changing  the  electrical 
condition  of  the  patient,  by  giving  a  positive  or  a  negative  charge, 
more  than  by  the  passage  of  the  current  through  the  body,  and  the 
conseciuent  electro-tonic  and  chemical  changes.  Ordinary  faradic  or 
galvanic  electricity,  on  the  other  hand,  does  not,  as  many  suppose, 
charge  the  patient  with  electricity,  and  does  not,  by  its  direct  action, 
leave  any  more  electricity  in  the  body  than  it  finds  there.  If  they 
increase  or  diminish  the  natural  electricity  of  the  body,  it  is  indirectly 
through  the  effect  of  quantity  of  electiicity  passing  through  the  tissues 
and  improving  nutrition. 

Under  this  head  come  these  important  practical  conclusions : 

First.  If  any  large  number  of  cells  every  way  similar  are  joined  in 
a  SHORT  CIRCUIT  by  large  connecting  wires^  and  witJwut  any  other  ex^ 
ternal  resistance^  there  will  be  no  more  quantity  of  electricity  flowing 
than  if  a  small  number  of  similar  cells  were  so  joined. 

Although  each  additional  cell  increases  the  electro-motive  force,  yet 
it  also  increases  the  resistance,  as  we  have  already,  seen,  and  this  in- 
crease of  resistance  will  counterbalance  the  increase  of  electro-motive 
force,  so  that  the  quantity  of  electricity  that  flows  through  the  circuif 
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frill  be  about  the  same.  Ohm's  law  w'ill  demonstrate  this  oiathemati* 
cally.  Let  the  electromotive  force  of  any  cell  be  lo  volts,  ot  units  of 
electro -motive  force,  and  the  resistance  of  each  cell  be  20  uhms,  or 
unit^  of  resistance,  and  the  resistance  of  the  short  wire  2  ohms. 
Dividing  the  electro-motive  force  by  the  resistance,  we  have  for  a  single 
cell  iJ-ht  =  H  =  "A"  =  ^^  quantity  that  one  cell  sends  through 
the  circuit. 

Now  let  there  be  50  similar  cells,  and  our  fraction  will  be  J-J^  x  -H 
=  1^^^  *+*  f  =  WW  ~  fff  =  ^  fraction  that  varies  very  slightly  in 
value  from  ^.  Let  there  be  1,000  cells^  and  we  have  this  fraction : 
IS  X  IJ^  =  ilfe  +  s  =  HM* •     *^^^  »-^sult  stiU  differs  but  slightly 


£rOim  those  previously  obtained. 

Secondly.  Large  cells  connected  by  great  external  resistance^  as  the 
human  hody^  or  a  galvanometer  with  a  long  resistance-coil^  do  not  send 
more  quantity  of  electricity  through  that  external  resistance  than  similar 
small  cells. 

The  electro-motive  force  of  large  cells  is  no  greater  than  that  of  simi- 
lar small  cells,  as  we  have  already  seen.  The  resistance  is  less  because 
the  surface  of  the  plates  is  greater,  and  the  greater  the  section  the  less 
the  resistance,  as  has  already  been  shown.  But  the  little  advantage 
t^us  gained  from  large  cells  by  a  diminution  of  resistance  bears  so 
7  a  proportion  to  the  great  external  resistance  of  the  human  body, 
or  of  a  very  long  wire,  that  the  quantity  of  electricity  actually  sent 
through  the  circuit  will  not  be  materially  increased — at  least  by  any 
reasonable  number  of  cells. 

Here  again  Ohm*s  law  comes  to  our  assistance,  and  fortifies  our 
statement  by  a  rigid  mathematical  demonstration.  Let  us  suppose  a 
battery  of  100  small  cells.  Let  the  electro-molive  force  of  each  cell 
be  10  volts.  Let  the  internal  resistance  of  each  cell  be  20  ohms. 
Let  the  external  resistance  of  the  human  body,  through  which  the  cur- 
rent is  to  be  made  to  pass,  be  10,000  ohms.  Now,  by  Ohm's  law,  to 
find  the  quantity  of  electricity  that  flows  through  the  human  body  when 
enclosed  in  the  circuit,  we  divide  the  electro-motive  force  by  the  inter- 
nal and  external  resistance,  as  follows  : 


too  K  10  ^  loco 


satOOo(€aEteniftlresuuDce),  k  too  k  8o=  sooo(ifl(enialFcditAJ3joe) 


Let  us  now  suppose  100  similar  very  large  cells.  The  electro 
motive  force  would  be  the  same,  the  external  resistance  would  be  the 
same.  But  the  internal  resistance  of  the  battery  would  be  less  be- 
cause the  surface  is  greater. 
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By  a  law  previously  explained,  the  resistance  varies  ih'versefy  as  iki 
square  of  the  section.  For  convenience  sake,  we  will  suppose  the  re- 
sistance of  the  large  cell  to  be  -^  that  of  the  small  ones — that  is  2— 
and  Ohm's  law  will  give  us  the  following  fraction : 

loo  X  xo  s  icoo  (dectro-morivc  farce)      __   looo   __    lo 
zo^ooo  (exteraal  resistance)  xoo  x  a  =:  aoo  ~  zoaoo  "  xoa 

— a  fraction  that  is,  it  is  true,  a  little  larger  than  -ji^,  but  not  enough  to 
be  worth  considering. 

The  same  truth  may  be  shown  by  a  galvanometer  that  has  a  long 
resistance-coil.  If  the  fluid  be  raised  just  a  little,  so  that  elements  arc 
just  immersed  and  the  poles  are  connected  with  such  a  galvanometer, 
a  certain  deflection  of  the  needles  will  take  place,  according  to  the 
number  of  cells ;  if  now  we  raise  the  fluid  still  higher,  so  that  all  the 
elements  are  immersed,  and  four  or  fivQ  times  as  much  surface  is 
brought  into  action  in  each  cell,  the  needles  will  not  be  much  more 
deflected,  but  will  remain  at  nearly  the  same  point  where  it  was  when 
the  elements  were  first  immersed.  This  is  an  experiment  that  we 
have  made  repeatedly. 

For  the  galvanometer  substitute  the  human  body  from  the  hand  to 
the  legs,  and  we  can  understand  the  great  fact  that  large  cells  do  n^ 
send  more  quantity  of  electricity  through  the  body  than  small  cells  of 
similar  character. 

From  all  these  demonstrations  we  see  that  it  is  with  electricity  as 
with  money — the  absolute  quantity  that  any  man  may  give  may  be  a 
very  small  fraction  of  the  actual  quantity  that  he  can  be  made  to  give. 
A  millionaire  has  a  far  greater^  quantity  of  money  than  one  who  has 
only  a  thousand  dollars,  but  the  one  Aiay  not  give  a  dollar  any  easier 
than  the  other.  Under  great  pressure  the  millionaire  may  give  a 
thousand  times  more  than  the  poor  man,  just  as  a  battery  of  large  cells 
may,  before  small  resistance,  send  a  very  much  larger  quantity  of  elec- 
tricity than  a  similar  battery  of  small  cells ;  but  when  there  is  great 
resistance  it  may  send  very  little,  if  any,  more. 

In  electro-therapeutics,  as  in  telegraphy,  electro-metallurgy,  and 
other  uses,  large  cells  have  this  advantage,  that  they  last  longer  and 
do  not  require  so  frequent  cleaning  and  filling. 

Although  they  cannot  in  a  given  time  send  through  the  human  body, 
or  long  lines  of  wires,  any  more  quantity  of  electricity  than  small  cells, 
yet  their  reserve  quantity  is  much  greater,  and  in  proportion  to  •^heir 
size  they  will  hold  out  longer  and  keep  up  a  more  uniform  current. 
t*he  poor  man  may  give  five  dollars  as  easily  as  the  millionaire,  but 
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snder  great  pressure  ihe  millionaire  can  keep  on  giving  out  five  do)  Ian 
long  after  the  resources  of  the  poor  man  are  exhausted* 

Large  cells  may,  for  electro- therapeutical  purposes,  have  the  advan- 
tage of  iteadtftess  of  current ;  there  would  appear  to  be  \t^^  Jitictuaiion 
in  the  strength  of  the  current  from  moment  to  raow'jnt  than  when  the 
cells  are  small. 

In  small  cells  the  degree  of  the  internal  resistance  and  the  extent  of 
the  chemical  action  may  vary  more  or  less  from  moment  to  moment, 
owing  to  the  polarization  of  the  elements  and  the  deposition  of  the 
salts  in  the  solution.  This  fluctuation  is  most  marked  in  batteries 
where  the  action  is  very  energetic-  Small  single  cells,  especially  the 
zinc-carbon  batteries,  lose  much  of  their  power  during  a  long  opera- 
tioii.  T/te  popular  rt^Hon  that  targe  cells  have  a  therapeutic  advan- 
tage ever  small  cells  by  sending  a  larger  quantity  of  electricity  through 
the  h&dy  is,  in  the  light  of  Ohm's  law^  as  well  as  in  the  light  of  txpe- 
wtenee^  erroneous* 

Thirdly,  For  thn  electro  chemical  decomposition  of  watcr^  salts^  and 
the  human  tody  {ciectrolysis)^  a  considerable  number  of  cells  of  mediitm 
use,  neither  very  large  nor  very  smail,  and  in  which  the  cltemieal  action 
is  powerful^  are  required. 

The  resistance  of  the  limittd  portion  of  the  human  body  usually 
submitted  to  electrolytic  operation  is  great,  though  not  so  great  as  that 
of  the  whole  body ;  and  as  we  have  seen,  before  a  great  resistance^ 
very  large  cells  give  no  greater  quantity  in  a  given  time  than  cells  of 
moderate  size.  If  the  cells  are  too  small,  however,  ihey  will  soon 
become  exhausted.  For  electrolytic  operations,  the  ordinary  zinc-car- 
boo  or  Walker^s  batteries,  as  manufactured  in  this  country  by  the  Gal- 
rano-faradic  Manufactxtring  Co.,  Kidder  and  others,  answer  very  ex- 
cellently most  of  the  purposes  of  electrolysis.  They  have  more  electro- 
motive  force  than  Smee*s  elements,  and  although  not  as  enduring,  they 
yet  give  a  greater  quantity  of  electricity  for  a  sh^rt  time,  which  is  of 
coune  the  great  requisite  in  electrolytic  operations.  The  resistance 
of  tlic  skin  is  very  great,  but  in  electrolysis  the  needles  go  beneath  the 
skiD,  and  are  placed  near  each  other.  The  resistance  is  very  much 
less  than  in  external  applications  when  the  electrodes  are  far  apart ; 
hence  it  is  an  advantage  in  electrolysis  to  have  cells  of  good  si/.e, 
though  not  of  the  largest. 

Fc^urthly.  J^en  a  short  platinum-wire  in  a  short  circuit  is  to  bi 
heated^  as  in  galvanocautery  operations^  a  very fetv  large  cells  or  a 
tingle  very  large  cell  is  preferable  to  a  large  number  of  small  cells. 

This  Cict  has  long  been  practically  recognized,  and  all  the  batteriei 
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for  galvano-cautery  operations  are  constructed  on  this  principle.  The 
reason  for  this  is  not  so  well  understood ;  Ohm's  law  gives  us  the  ex- 
planation. 

Platinum- wire,  though  it  resists  the  current  very  powerfully  as  com- 
pared with  silver  or  copper  wire,  yet  offers  a  very  small  resistance  as 
compared  with  water  or  the  human  body,  or  very  long  wire  of  any  kind 
Hence,  in  the  galvano-cautery  instruments,  the  external  resistance  is 
small,  being  not  very  much  greater  than  the  internal  resistance  of  the 
batteries,  perhaps  not  so  great.  Now,  before  a  large  external  resist- 
ance— the  human  body,  or  very  long  coils  of  wires — the  surface  of  the 
elements  is  used  to  the  best  advantage  when  cut  up  into  small  cells ; 
before  a  small  resistance,  the  surface  of  the  elements  is  used  at  the 
best  advantage  when  cut  up  into  a  few  large  cells,  or,  if  the  external 
resistance  be  very  slight  indeed,  a  single  large  cell  will  be  better;  for 
we  have  previously  shown  that,  in  a  short  circuit,  one  cell  gives  as 
much  quantity  of  electricity  as  one  hundred,  or,  indeed,  any  nimiber  of 
cells. 

Let  us  suppose  loo  small  cells ;  let  each  cell  have  an  electro-motive 
force  of  lo  volts  and  a  resistance  of  20  ohms.  Let  there  be  enclosed 
in  a  circuit  the  human  body,  or  a  very  long  coil  of  fine  wire,  that  gives 
a  resistance  of  10,000  ohms.  Then,  according  to  Ohm's  law,  we  have 
the  following  fraction  : 

joo  V  10  =  1000  electro-motive  force  i 


10,000  external  resistance  xoo  x  30  =  *ooo  internal  resistance        n 

which  represents  the  quantity  of  electricity  that  flows  through  the 
circuit  Suppose  now  one  cell  of  the  same  character,  but  very  much 
larger,  sends  a  current  in  a  short  circuit — through  a  short  platinum- 
wire,  such  as  is  used  in  the  galvano-cautery  for  cauterizing  surfaces. 
Suppose  the  external  resistance  of  this  short  circuit  be  9  ohms.  The 
electro-motive  force  of  the  large  cell  is  no  more  than  that  of  the  small 
cell ;  the  internal  resistance  of  the  battery  is  very  much  less,  for,  as  we 
have  seen,  the  resistance  diminishes  as  the  surface  increases.  For 
convenience  sake,  we  will  suppose  the  internal  resistance  of  the  large 
to  be  ^  that  of  the  small  cell — that  is,  i.  Now,  dividing  the  electro- 
motive force  by  the  resistance,  according  to  Ohm's  law  we  have  this 
result : 

xo  electro-motive  force  xo 


9  external  resisunce  ■¥  i  internal  resistance       xo 


the  quantity  of  electricity  that  flows  through  the  circuit,  or  twelve  timet 
as  much  as  with  100  small  cells. 
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Suppose  now  this  one  large  cell  be  connected  hy  2.  hng  and  fim 
platinuin-wiref  such  as  is  used  in  the  removal  of  tumors  by  galvano- 
cauteiy  operations.  The  resistance  will  of  course  be  greater,  for  two 
reasons^  because  the  wire  is  longer  and  because  it  is  finer ;  for  tlie  hw 
j%  the  less  the  surface  or  section  the  less  the  resistance. 

Suppose  the  resistance  be  19  ohms.  Dividing  the  electro-motive 
force  by  the  resistance*  we  have^ — 

to  etoctro-modve  forci:  to      X 


ih^  is^  mc-half  the  quantity  af  eUctruify  thai  there  was  when  a  short 

fiaiinuM'Wire  was  in   the  circuit.     Very   likely   this   would   not   be 

3ugh  to  heat  the  wire  and  keep  it  hot  during  a  long  operation. 

^b  law  comes  to  our  rescue,  and  helps  us  out  of  this  as  of  so  many 

[other  difficulties.     Cut  up  the  one  large  cell  into  two  cells,  and  inter- 

[pose  the  long  fine  platinum- wire  in  the  circuit.     The  electro-motive 

Ifurce  will  be  doubled,  the  external  resistance  will  be  the  same ;  but 

[the  internal  resistance  will  be  greater  because  the  surface  is  diminished. 

Dividing  the  electro-motive   force   by  the  resistance,   our  fraction 

•cands  thus; 

so  ekctro-mottve  force  as 


19  estemal  retuUnoe  ^  4  internal  resUbuice      03 

|wbich  15  nearly  double  the  quantiyr  of  electricity  sent  through  the  long 

^wire  by  a  single  cell.     Thus  is  explained  the  fact  that  the  best  galvano* 

cautery  batteries  are  arranged  so  as  to  be  tlvrown  into  one  large  cell, 

or  cut  up  into  several  cells,  according  as  a  short  or  long  wire  is  to  be 

heated. 

li  has  been  found  by  experiment  that  the  heat  developed  by  the  current 
in  any  wire  is  proportioned  to  the  squares  0/  the  quantity  of  electricity 
tkaifi^ws  through  it. 

This  is  demonstrated  by  passing  a  current  through  platinum- wires  in 

a  bottle  of  alcohol     The  heat  is  communicated  to  the  alcohol,  and  the 

thermometer  shows  the  temperature.     It  is  found  if  a  current  of  a  cer- 

kain  quantity  raises  the  temperature  10,  a  current  of  twice  that  strength 

will  raise  it  40. 

Again,  it  is  found  by  experiment  that  the  heat  developed  by  the  cur* 
r^ni  in  any  wire  is  proportioned  to  the  resistance  of  the  wire. 

This  is  demonstrated  with  the  arrangement  just  described,  by  insert- 
a  rhcof  tat  whose  resistances  are  known,  so  as  to  keep  the  quantity 
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of  electricity  constant  at  a  fixed  point,  and  then  inserting  platinum 
wires  of  different  lengths  into  the  bottle. 

From  all  this  it  follows  that  batteries  for  galvano-cautery  should 
have  large  surfaces  and  a  small  number  of  cells,  and  that  they  should 
be  arranged  so  that  the  surface  may  be  used  as  one  or  two  cells,  or 
cut  up  into  four  or  six,  according  as  short  or  long  wires  are  to  be 
heated. 

Fifthly,  It  follows  that  the  dose  of  an  electrical  application  cannot 
be  accurately  described  by  stating  the  number  of  cells  and  the  length  of 
the  sitting. 

This  conclusion  is  an  important  one,  and  for  want  of  a  knowledge  of 
it  electro-therapeutists  continually  blunder. 

Supposing  now  that  we  are  treating  a  patient  locally  or  centrally  by 
the  galvanic  current,  and  we  desire  to  transfer  the  patient  to  another 
physician.  We  inform  the  physician  to  whom  the  transfer  is  made,  that 
we  are  treating  the  patient  with  ten  cells  for  ten  minutes,  and  we  desire 
that  he  should  continue  to  give  the  same  dose.  In  the  light  of  Ohm's 
law,  let  us  see  what  such  instructions  are  really  worth.  The  quantity 
of  electricity  that  passes  through  the  patient  in  a  minute  is  equivalent 
to  the  electro-motive  force  divided  by  the  resistance  ;  multiply  the  quo- 
tient thus  obtained  by  ten,  and  we  have  the  dose  of  electricity  that  the 
patient  receives  in  ten  minutes.  If,  now,  all  the  factors  that  determine 
the  electro-motive  force  and  the  external  and  internal  resistance  were 
constant  and  were  accurately  known,  and  if  they  were  the  same  for  all 
batteries  and  all  modes  of  application,  then  the  dose  thus  ordered 
would  be  a  mathematical  one,  and  could  be  mathematically  followed 
No  forms  of  error  are  so  erroneous  or  so  illusory  as  those  that  approach 
us  under  cover  of  facts  and  figures.  In  our  very  attempt  to  be  accurate 
we  stumble  into  gross  inaccuracy.  Had  we  left  the  whole  matter  to  the 
judgment  of  the  physician,  with  some  general  suggestions  as  to  the  sus- 
ceptibility of  the  patient,  we  should  have  come  far  nearer  the  truth,  as 
will  be  apparent  by  the  following  considerations. 

The  electro-motive  force  varies  in  different  batteries,  and  in  the  same 
battery  at  different  times.  Grove's  battery,  for  example,  has  four  timei 
the  electro- motive  force  of  Smee's  battery  in  action,  and  twice  the  elec 
tro-motive  force  of  zinc  and  copper,  or  Daniell's  battery.  Then,  again, 
.  the  electro-motive  force  will,  in  some  batteries,  as  Smee's  or  Walker's, 
fall  off"  during  an  application ;  and  in  all  batteries,  however  constructed, 
the  electro-motive  force  varies  at  different  times,  from  causes  not  yel 
determined. 

But  the  electro-motive  force  is  constancy  itself  in  comparison  with 
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variations  of  the  internal  and  external  resistances*  Beginning  with 
internal  resistance,  we  find  that  for  a  Grovels  cell,  containing  one 
tit  of  liquid,  it  is  very  small,  less  than  one  ohm  ;  for  a  Daniell's  cell, 
[to  15  ohms,  and  for  a  Smee's  cell,  less  than  one  ohm.  The  internal 
iistance  varies  with  the  size  and  shape  of  the  ceil,  the  distance  of  the 
ites  from  each  other,  and  with  the  length  of  time  that  the  battery  is 
action.  Even  if  the  electro-motive  force  and  external  resistance 
accurate  and  constant,  the  variations  in  tlie  iDteraal  resistance 
>u\d  be  sufScient  to  vitiate  all  attempts  at  prescribing  electricity  by 
le  number  of  cells. 
But  it  is  in  the  external  resistance  that  we  find  the  greatest  variation, 
Aicertainty,  and  inconstancy  in  applications  of  electricity  to  the  human 
■Ddy.     The  external  resistance  depends  on  the  following  factors : 

isL  The  size  and  construction  of  the  wires  that  connect  the  battery 

^th  the  electrodes*     The  larger  the  section  the  less  the  resistance, 

Bbdt  therefore,  large  wires  will  conduct  more  than  small  ones.     A  cer^ 

tain  conventional  size  is  manufactured  by  each  instrument-maker,  but 

the  sizes  vary  with  diflferent  makers. 

^<L  The  size  and  shape  of  the  electrode.  Up  to  a  certain  point, 
ra3fiDg  with  the  number  of  cells,  a  large^  broad  electrode  will  conduct 
more  than  a  small  and  narrow  one.  A  metallic  electrode  conducts 
much  bettex  than  a  sponge ;  flannel  conducts  much  better  than 
onge,  but  wor^e  than  metal.  The  difference  in  the  conducting  power 
r  metal,  sponge,  and  flannel,  is  great  A  current  which  is  painful  when 
[iplied  by  a  metal,  and  is  quite  perceptible  when  applied  by  a  flannel 
'  chamois,  is  not  felt  at  all  when  applied  by  a  sponge.  The  painful 
ftss  of  an  application,  it  is  true,  does  not  depend  on  the  amount  of 
electricity  that  passes,  but  is  also  modified  by  the  extent  to  which  the 
jpirrent  is  diffused.  This  would  depend  on  the  action  of  the  electrode, 
Viih  the  same  current  passing,  the  hand  of  the  operator  would  proba- 
Xly  be  le^s  irritating  than  a  sponge  or  flannel 

jd.  The  quantity  and  quality  of  the  liquid  used  to  moisten  the  elec- 

Electrodes  that  are  perfectly  dry  conduct  but  httle,  at  least 

I  currents  of  the  tension  used  in  electro-therapeutics.     Electrode! 

are  wet  with  warm  water  conduct  better  than  those  that  are  wet 

,  cold  water  ;  and  those  that  are  wet  with  warm  salt-water  conduct 

tst  of  all.     The  difference  in  the  conductivity  of  a  sponge  wet  with 

nple  cold  water  and  one  wet  with  warm  salt-water  is  so  great  that  a 

rrent  which  is  not  felt  when  applied  by  the  former,  becomes  unbearable 

ben  applied  by  the  latter. 

1 4tli.  The  amount  of  pressure  that  is  used  on  the  electrodes.     If  the 
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wet  sponge  is  lightly  pressed  it  conducts  but  little,  and  its  conducting 
increases  with  the  pressure.  Firm  pressure  moistens  the  skin  more 
thoroughly,  and  thus  increases  its  conductivit}^,  and  at  the  same  time  it 
brings  into  coaptation  all  parts  of  the  sponge,  so  that  it  becomes  well 
saturated- 

5th.  The  position  and  extent  of  the  body  included  between  the  elec- 
trodes. '1  his  factor  is  a  most  important  one,  and  it  has  been  unac- 
countablv  overlooked  in  all  discussions  on  this  subject.  The  difference 
in  the  conductivity  of  the  bones  and  soft  tissues  is  all  the  dififerenoe 
between  twenty  and  one,  and  in  all  parts  the  conductivity  is  modified 
by  age,  by  temperament,  and  by  disease.  The  resistance  of  the  whole 
body,  from  one  hand  to  the  other  through  the  shoulders,  is  about  seven 
or  eight  times  the  resistance  of  the  Atlantic  cable,  and  the  resistance  of 
the  whole  length  of  the  body,  from  tlie  head  and  shoulders  to  the  feet 
is  probably  greater  than  that.  But  the  resistance  of  any  limited  portion 
of  die  body,  as  the  head,  or  spine,  or  cervical  sympathetic  and  pneu- 
mogastric,  or  individual  muscles  or  nerves,  must  be  only  a  fractional 
part  of  the  resistance  of  the  whole  body.  Other  conditions  being  the 
same,  the  nearer  the  electrodes  are  to  each  other  the  less  the  resistance. 
This  may  be  illustrated  by  an  experiment  that  we  have  frequently  tried. 
If  one  electrode  be  put  in  the  vagina  and  the  other  in  the  rectam,  a  cur- 
rent of  but  tivo  or  four  cells  may  be  painfully  felt ;  but  if  one  of  the 
electrodes  is  placed  externally  on  the  back  or  hypogasirium,  a  current 
of  a  dozen  or  more  cells  may  be  scarcely  perceived.  The  same  experi* 
ment  may  be  tried  on  the  back  ;  placing  one  pole  on  the  nape  of  the 
neck  and  the  other  at  the  lower  end  of  the  spine,  a  current  that  is  ju&l 
perceptible  at  6rst,  as  the  electrodes  approach  each  other  becomes 
positively  unbearable. 

6th*  The  length  of  the  application.  When  the  galvanic  current  ii 
first  applied  10  the  body  by  wet  sponges,  but  little  sensation  is  experi- 
enced on  the  skin ;  but  in  the  course  of  a  (ew  seconds  a  burning  pain  is 
Mty  that  increases  with  the  length  of  the  application.  This  is  explained 
in  part  by  the  chemical  changes  that  take  place,  and  in  part  by  the  fact 
that  as  the  skin  becomes  more  and  more  moistened  by  the  pressure  01 
the  wet  sponge,  and  the  skin  under  the  electrode  becomes  more  and 
more  congested,  the  resistance  is  diminished.  Consequently,  toward 
the  close  of  even  a  very  short  application,  more  electricity  passes^  al] 
other  conditions  being  the  same,  than  at  the  beginning.  On  this 
account  it  frequently  becomes  necessary  to  reduce  the  number  of  cells 
during  the  silting,  especially  when  the  electrodes  are  kept  all  the  time 
on  one  spot.     Thus  it  becomes  clear  that  any  attempt  to  prescribe  the 
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dose  of  electricity  by  the  number  of  cells,  in  ordinary  exiernai  applica- 
tions to  the  body,  must  fail  of  its  object.  In  electrolysis,  where  the 
needles  are  always  united,  near  to  each  other  and  under  the  skin,  the 
chances  for  error  are  not  so  great,  since  there  is  much  less  variation  in 
the  resistance.  If,  in  describing  an  electrolytic  operation,  we  specify 
the  kind  and  number  of  cells  used,  and  the  mode  and  length  of  opera- 
tion, we  convey  a  tolerably  correct  idea  of  what  was  really  done.  The 
tinie  may  come  in  the  advance  of  science,  after  physiology  shall  have 
found  its  Newton  to  reduce  its  present  chaos  to  order  and  law,  when 
it  shall  be  possible  to  prescribe  so  many  farads  of  electricity,  repeated 
three  times  a  week,  as  we  now  prescribe  so  many  grains  of  bromide  of 
potassium,  or  so  many  drops  of  laudanum,  repeated  three  times  a  day  ; 
but  for  the  present  we  can  rest  assured  that  when  we  describe  the  cui> 
rent  that  we  employ  as  miid^  or  medium^  or  strongs  and  have  stated  the 
method  and  length  and  frequency  of  application,  we  have  attained  all 
the  accuracy  that  science  will  allow. 
^_  Although  the  above  statements  have  reference  only  to  the  galvanic 
^kuirent,  they  just  as  tndy  apply  to  tlie  faradic ;  for  induced  as  well  as 
^Tgalvanic  electricity  is  subject  to  the  law  of  Ohm.  One  difference,  how- 
V  ever,  stiould  be  noted,  that  on  account  of  the  slighter  chemical  action 
of  the  faradk%  current  the  resistance  of  the  skin  beneath  the  electrodes 
docs  not  diminish  with  the  length  of  the  application.  For  the  above 
reasons  the  graduated  scales  that  accompany  some  of  the  faradic 
machines  for  electro  therapeutics  are  of  but  little  practical  value. 

Finally,  Ohm's  law  explains  the  fact  of  observation,  that  when  the 
poles  of  a  galvanic  battery  are  metallically  connected,  the  chemical 
tction  in  the  battery  is  greatly  increased  and  the  plates  rapidly  de- 
Btro)'ed-  The  metals  being  better  conductors  than  the  body,  conduct 
a  much  greater  quantit}'  of  electricity ;  and  as  the  potential  quantity  of 
electricity  that  any  battery  is  cai>able  of  generating  is  limited,  then 
when  the  resistance  between  the  poles  is  least,  the  action  must  be 
strongest,  and  the  metals  the  most  rapidly  consumed.  Neglect  in  thii 
legard  caoses  the  premature  destruction  of  many  batteries. 
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CHAPTER  I. 

mXLATlON   OF    ELECTRO-PHVSIOLOCY  TO    ELECTRO-THERAPEUTICS — 
ANIMAL  ELECTRICITY. 


EUciro-phynohgy  is  the  science  which  treats  both  of  the  laws  of 
€nimal  electricity,  and  also  of  the  phenomena  produced  by  the  actioK  of 
iUctricity  on  the  body  in  health.  We  propose  to  present  this  subject 
as  compactly  as  possible,  and  consequently  shall  speak  only  of  those 
facts  that  are  necessary  for  a  true  appreciation  of  the  science,  and 
chiefly  of  those  that,  directly  or  indirectly,  have  a  practical  bearing  oa 
electrotherapeutics, 

Impi^ance  of  a  Knowledge  of  Electro-physiology  to  the  Electro-there^ 
peutist. — It  is  of  course  possible  to  use  electricity  successfully  in  thera- 
peutics without  any  thought  of  its  physiological  action,  and  thousands 
have  so  used  it.  It  is  possible  to  relieve  pain  of  ahnost  every  variety, 
and  to  cure  any  of  the  curable  forms  of  paialysis,  without  understanding 
anything  of  the  action  of  electricity  on  nutrition  or  on  the  normal  mus* 
cle.  Any  old  cotmiry  granny,  the  stupidest  of  nurses,  an  infant  even, 
can  hold  two  sponges  on  a  part  of  the  surface  of  the  body,  and  let  the 
current  run.  Those  who  aim  no  higher  than  this — the  indiscriminate 
holding  of  electrodes  on  patients— need  give  no  thought  to  electro- 
physiology  ;  need,  indeed,  waste  no  time  on  this  or  on  any  other  work  of 
electro-therapeutics  :  they  do  not  even  need  to  trouble  themselves  with 
the  details  of  the  applications,  but  have  simply  to  delegate  them,  with- 
out reserve,  to  the  nearest  nurse  or  clodhopper.  Those,  we  assert,  who 
aim  no  higher  than  this  will  fall  short  of  even  that ;  their  success  in 
relieving  symptoms  by  electrization  will  be  so  capricious  and  illusory, 
that,  in  time,  they  will  abandon  the  attempt,  allow  tlieir  battery  to  grow 
rust>'  in  the  garret,  and  thenceforth  they  will  condemn  and  despise  sci- 
entific and  successful  electro- therapeutists.  -^ 

The  eiectro-therapeudst,  above  all  others,  shoold  start*  out  under  the 
inspiration  of  the  motto  of  the  late  President  Dwight :  **  Aim  high,  for 
you  will  be  sure  to  come  short  of  your  aim*"  To  apply  electricity  after 
the  manner  of  nurses  and  **  rubbing  doctor's/'  is  not  using  it,  but  abus- 
ing iL 
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Those  idio  aspire  to  mastership  in  electro-therapeutics  will  not  be  con 
tent  with  the  mere  attempt  to  relieve  symptoms ;  they  will  seek  to  study 
those  most  complex  and  subtle  diseases  for  the  treatment  of  which  elec- 
tricty  is  indicated  ;  they  will  resort  to  this  force  for  diagnostic  as  well  as 
therapeutic  aid  ;  they  will  strive  to  know  not  only  how  to  use  it,  but,  what 
is  more  difficult,  how  not  to  use  it  He  only  can  reap  the  full  and  rich 
harvest  of  electro-therapeutical  science  and  art  who  sows  beside  all 
waters ;  he  must  become  more  or  less  proficient  in  neurology,  in  electro- 
physics,  and  in  electro-physiology.  He  who  has  a  knowledge  of  the 
laws  of  animal  electricity,  and  the  actions  and  reactions  of  franklinic, 
galvanic,  and  faradic  electricity  on  the  brain,  spinal  cord,  and  sympa- 
thetic ;  on  the  nerves  of  motion  and  of  common  and  special  sense ;  on 
voluntary  and  involuntary  muscles ;  on  the  skin,  and  on  all  the  various 
passages  and  oi^gans  of  the  body  in  health,  and  also  of  the  electro-con* 
ductivily  of  the  body,  will  find  the  paths  of  electro-diagnosis  and  of  elec- 
tro-therapeutics illumined  at  every  step  by  such  knowledge,  and  will,  in 
the  end,  make  more  correct  interpretations  of  disease  than  he  who 
merely  holds  electrodes  on  patients  without  any  higher  aim  ;  and  more 
than  that,  he  will  be  introduced  into  a  field  of  thought  and  experiment — 
a  field  surpassingly  rich  and  fruitful,  and  lying  in  close  relation  to  all 
departments  of  physiology,  of  pathology,  and  of  biology,  where  he  can 
study  science  for  its  own  sake,  without  regard  to  its  immediate  practical 
value. 

In  the  above  remarks  we  do  not  wish  to  be  understood  as  subscrib- 
ing to  the  notion,  quite  popular  among  some,  that  electro-therapeutics 
must  be  based  on  electro-physiology ;  very  far  from  it :  the  two  sciences 
are  closely  related  and  are  of  reciprocal  assistance,  but  one  is  not  buill 
up  on  the  other.  Neither  are  exact  sciences,  and  may  never  become 
such.  Pathology,  though  it  is  but  "  the  shady  side  of  physiology,"  yet 
so  complicates  tlierapeutics  that  electro-physiology  cannot  become  a 
reliable  basis  for  electro-therapeutics.  The  two  sciences  are  pursued 
mainly  by  different  methods :  electro-physiology  is  a  science  of  experi- 
ment; electro-therapeutics  is  a  science  of  experience. 

Electro-physiology  largely  Studied  by  Experiments  on  the  Living  Hu- 
man Subject. — ^An  advantage  of  great  import  to  electro-physiology,  and 
one  that  especially  commends  it  to  the  electro- therapeutist,  is  that  it  is 
largely  based  on  experiments  made  on  the  living  human  subject  True 
enough,  thousands  of  frogs  have  given  up  their  lives  in  the  electro-physi- 
ological laboratory,  and  dogs  and  cats,  rabbits  and  guinea-pigs,  rats,  and 
monkeys  even,  have  been  subjected  to  electric  tests  while  living,  in  health 
and  uninjured,  while  dying,  and  when  dead ;  but  some  of  the  most 
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intcrcstiDg  and  suggestive  phenomena  of  this  science,  those  which  have 
the  nearest  practical  relation  to  electro- tlierapeu tics,  can  be  best  studied 
on  the  living  human  subject,  and  without  injuring  the  subject  experi- 
mented on.  This  is  the  supreme  advantage  of  the  study  of  the 
phj-siological  action  of  electricity  over  the  study  of  the  physiological 
action  of  the  majority  of  dnigs*  The  objection  so  often  made  against 
experiments  made  with  medicines  on  inferior  animals,  that  they  do  not 
leach  the  action  of  such  medicines  on  the  human  bo<^ly  in  disease. 
cannot,  therefore,  apply  to  electro-physiology,  except  to  a  limited 
degree. 

Not  a  few  of  the  physiological  reactions  of  the  human  body  to  elec 
trictty  can  be  studied  while  making  therapeutical  applications.  The 
reacdoQ  of  voluntary  muscles,  of  the  motor  and  sensory  nerves,  of 
some  of  the  ner\'es  of  special  sense,  to  electricity,  and  the  general  effects 
of  electricity  on  nutrition^  are  taught  us  every  time  we  electrize  a  patient 
by  amy  of  the  familiar  methods  of  application.  Electro-physiology  and 
clectTO' therapeutics  thus  go  hand  in  hand, 

TTt^  I^ca/isatwn  of  EUctrkity  in  the  Body  an  Advantage  in  Studying 
its  Physiohgical  Effect,— The  dmgs  yr\i\\  which  we  experiment  on  ani- 
mals, in  order  to  learn  their  physiological  action,  are  usually  absorbed 
and  carried  through  the  whole  system  ;  to  confine  their  action  to  any 
part  or  member  is  impossible.  If  they  select  any  organ  on  which  to 
expend  their  force  in  preference  to  other  parts,  it  is  by  wtue  of  their  in- 

[  berent  affinity  for  such  organ,  and  not  from  any  |X>wer  in  the  experimenter 
to  confine  them  diere.  But  electricity  can,  to  a  certain  extent,  be  local- 
ized in  a  muscle  or  nerve,  or  In  some  special  organ  ;  thus  its  effects  can 
be  studied  with  greater  precision  and  certainty  than  the  effects  of  drugs 
^  eternally  administered     Thus  the  physiological  action  of  electricity  has 

I  m  specially  practical  bearing  on  its  therapeutical  action* 

Animai  Electricity  is  the  Etcctrictty  that  exists  in  Animal  Bodies, 
Mhitric  Fishes, — The  most  remarkable  display  of  animal  electricity 
appears  in  certain  varieties  of  fishes.  At  a  very  early  period  it  was 
known  that  a  certain  flat  fish  had  not  only  the  power,  when  touched^  to 
give  fortli  shocks,  but  could  impart  to  other  bodies,  for  some  distance 
through  the  water,  a  benumbing  intluence.  This  phenomenon  was  first 
proved  by  actual  experiment  to  be  of  an  electiical  nature  as  early  a? 
1773  ;  and  soon  after,  by  means  of  a  number  of  Leyden  jars,  connect- 

[  ixag  with  a  disk  of  leather  or  wood,  either  side  of  which  was  covered  by 
tinfoil,  an  arrificial  torpedo  was  constructed  The  subject  of  animal 
elec^tiidty  is  one  of  great  scientific  interest,  and  may  in  time  become 
of  direct  practical  value  to  electro-therapeutics.     This  peculiar  powcf 
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is  possessed  only  by  a  small  number  of  fishes,  the  best  known  of  wludi 
are  the  torpedo  or  electric  ray,  the  gymnotus  or  electric  eel^  and  the 
electric  shad. 

Thb  development  of  electricity  does  not  take  place  in  all  parts  of 
the  fish,  but  is  confined  to  a  peculiar  expansion  of  the  nervous  s)^tem, 
called  the  electrical  organ.  The  nerves  constituting  the  electrical  or- 
gans of  the  torpedo  and  gymnotus  are  of  great  size.  Those  of  the  for- 
mer consist  of  three  principal  trunks,  and  arise  from  the  cerebro-spinal 
system  ;  while  the  nerves  composing  the  electrical  organs  of  the  latter 
are  derived  from  the  spinal  cord  alone.  As  stated  above,  the  phenom* 
ena  produced  by  these  fishes  are  similar  to  those  which  are  obtained 
from  electricity  lh:it  is  artificially  generated* 

If  electric  fishes  are  touched  with  the  hand,  a  shock  is  perceived,  while 
if  glas%  resin,  or  any  other  non-conditctar  is  intervenetl,  no  effect  is 
produced 

Sparks  may  be  drawn  from  them  in  the  same  way  that  they  are  drawn 
from  other  bodies  that  are  artificially  charged  with  electricity.  The 
current  obtaijied  from  them  will  magnetize  steel  needles,  decompose 
water,  and  if  the  needle  of  a  galvanometer  be  brought  into  the  cirailt  it 
will  immediately  suffer  deflection,  so  that  the  direction  of  the  current 
may  be  readily  determined. 

The  electric  force  of  the  fish  is  much  weakened  after  it  has  exerted 
its  power  a  number  of  times  in  quick  succession,  and  it  requires  rest 
and  nourishment  to  enable  it  to  recover  its  normal  vigor. 

History  of  the  Discovery  of  Electricity  in  the  Body  of  Man  and  other 
Animals. — We  have  already  seen  (Electro -Physics,  p.  48)  that  Galvani 
discovered  in  1786  that  muscular  contraction  follows  the  contact  of  the  \ 
nerves  and  muscles  of  a  frog  with  a  heterogeneous  metallic  arc  From 
this  observation,  and  from  subsequent  study  of  the  subject,  Galvani  was 
inclined  to  believe  and  to  declare  that  in  the  tissues  of  animals  there 
exists  a  special  independent  electricity,  which  he  called  animal  elec* 
fricity.  Although  Galvani's  conclusions  were,  as  we  now  know,  not  en- 
tirely logical,  yet  he  stumbled  on  an  important  discover)^  that  was  des- 
tined to  be  demonstrated  and  confirmed  by  other  and  later  observers. 

There  is  such  a  force  as  animal  electricity,  but  the  experiments  of 
Galvani  are  explained  by  contact  of  dissimilar  substances  and  by  the 
chemical  action  of  the  fluids  of  the  body  on  the  metals,  and  not  by  the 
electricity  of  the  body. 

Voltds  Researches  have  already  been  given  in  Electro-Physics  (p.  50). 

Humboldfs  Researches, — In  1 799  Humboldt  published  a  work  contain* 
ing  the  result  of  many  and  curious  experiments,  the  object  of  which  was 
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to  show  that  both  Volta  and  Galvani  were  right  and  I  oth  wrong  j  thai 
there  was  such  a  thing  as  animal  electricity  ;  that  Galvani  was  in  errar 
in  regarding  it  as  the  only  fomi  of  electricity  that  appeared  in  his  ex- 
periments ;  and  that  Volta  was  in  error  in  refusing  to  admit  its  exist- 
ence. 

Aiding s  and NohiUs  Researches. — In  1803  a  nephew  of  Galvani, 
Aldini,  published  experiments  that  went  to  demonstrate  the  existence 
of  animal  electricity.  The  voltaic  pile,  however,  was  a  stronger  argu- 
ment against  the  existence  of  animal  electricity  than  any  experiments 
could  be  in  its  favor,  and  for  these  reasons  animal  electricity  was  for* 
gotten* 

In  1827  M,  Nobili,  having  constructed  a  very  sensitive  galvanome 
tcr,  was  enabled^  as  he  supposed,  to  detect,  without  doubt,  the  exist 
cnce  of  an  electric  current  in  the  frog.  He  observed  that  when  the 
needle  was  placed  in  the  circuit  it  deviated  some  30*** 

Researches  of  Matteticci  and  Du  Bois-Reymond. — A  few  years  subse- 
quently,  Matteucci  turned  his  attention  to  this  subject ;  but  it  was  re- 
Served  for  Du  Bois-Reymond  to  investigate  most  clearly  and  most 
fuJly,  if  not  most  conclusively,  the  electric  properties  of  the  nerves  and 
muscles. 

By  these  two  observers  it  is  believed  to  have  been  shown,  ist.  That 
currents  in  every  respect  like  the  frog-current  of  Nobili,  are  not  peculiar 
to  the  frog,  but  are  inherent  in  all  animals,  warm  and  cold-blooded— 
in  toads,  salamanders,  fresh-water  crabs,  adders,  lizards,  glow-worms, 
azid  tortoises,  as  well  as  rabbits,  guinea-pigs,  mice,  pigeons,  and  spar- 
rows.    (Du  Bois-Reymond.) 

2d.  That  currents  are  found  in  nerves  as  well  as  muscles,  and  that 
both  are  subject  to  the  same  laws.     (Du  Bois-Reymond.) 

3d.  That  the  current  usually  observed  is  a  muscular  current  that  is 
produced  by  the  muscles,  the  nerves  acting  only  as  inactive  conduc 
_^tors-     (Du  Bois-Reymond.) 

B  4th.  That  this  muscular  current  may  be  upward  or  downward,  and 
^Bbai  the  current  of  the  whole  limb  is  the  resultant  of  the  partial  cur* 
mcGti  of  each  muscle.     (Du  Bois-Reymond. ) 

5th.  That  these  currents  do  not  depend  on  the  contact  of  hete- 
rogeneous tissues,  as  Volta  had  believed,  for  the  nerves^  muscles,  and 
tendons  in  their  electrical  relations  are  homogeneous.  (Du  Bois-Rey- 
tnond) 

6th.  That  electricity  is  found  not  only  in  the  muscles  and  nerves, 
but  also  in  the  brain,  spinal  cord,  and  sympathetic — in  motor,  sensory,  and 
mixed  nerves — in  a  minute  section  as  well  as  in  a  large  mass  of  nervouf 
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substances — ^in  a  small  fibril  as  well  as  in  a  large  muscle^ — ^tn  the  skin, 
spleen,  testicles,  kidneys,  liver,  lungs,  and  tendons ;  but  not  in  fasciae, 
sheaths  of  nerves,  and  sinews. 

7th.  That  animal  electricity  is  capable  of  decomposing  iodide  ol 
potassium,  and  of  deflecting  the  needle  of  the  galvanometer,  (Mat 
teucci*) 

8th,  In  the  muscles  and  nerves  electricity  is  in  the  condition  of  a 
dosed  circuit, 

5>th.  That  contraction  of  muscle  is  accompanied  by  an  electric  dk- 
charge  resembling  that  of  a  torpedo,     (Matteucd.) 

It  was  the  perusal  of  the  essay  of  Matteucci  that  inspired  Du  Bois- 
Reymond  to  undertake  those  magnificent  researches  that  have  given 
him  a  name  and  a  fame  in  the  realm  of  electrology. 

He  devised  special  apparatuses  for  his  researches^  and  handled  them 
with  great  skill  and  patience. 

Even  if  many  of  the  conclusions  presented  are  erroneous,  they  are 
none  the  less  interesting  suggestions,  and  have  prepared  the  way  for 
those  who  are  now  earnestly  seeking  to  discredit  his  experiments  and 
disprove  his  statements. 

I'he  above  conclusions  of  Du  Bois-Reymond  were  derived  from  ex- 
periments on  the  nerves  of  frogs,  but  electricity  is  not  confined  to  the 
lower  forms  of  life,  either  dead  or  dying. 

Ekctricity  in  the  Living  Man.—\T\  the  living  man  it  is  believed 
that  cutaneous  currents  are  found.  The  hand  is  negative  to  the  elboWi 
and  the  palm  of  the  hand  is  negative  to  the  back.  The  foot  is  negative 
to  the  chest,  and  the  sole  of  the  foot  is  negative  to  the  back.  The  elbow 
is  slightly  positive  to  the  chest,  and  the  hand  is  sometimes  negative  to 
the  foot,  and  sometimes  the  reverse. 

These  cutaneous  currents  are  quite  strong  and  uniform.  They  are 
to  be  distinguished  from  the  thenno-electric  currents  that  are  observed 
when  two  symmetrical  parts  are  heated, 

A  finger  at  the  temperature  of  32"*  is  positive  to  one  at  90®,  and  a 
finger  at  60^  is  feebly  positive  to  one  at  So**,  and  strongly  positive  to 
one  at  iSo**.  The  cutaneous  currents  are  also  to  be  distinguished  from 
currents  that  arise  from  dissimilar  immersion,  dissimilar  sweating  and 
shielding  of  the  body. 

Currents  of  electricity  have  been  found  in  the  urethra  and  bladder 
of  the  rabbit,  the  intestines,  the  spleen,  the  testicles,  the  tendons,  and 
the  oviduct  of  the  frog^  and  the  iris  of  birds. 

All  these  currents  resemble  the  ordinary  muscular  currents,  in  thai 
the  outer  and  inner  surfaces  have  opposite  electricities. 
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The  currents  of  the  nerves  and  muscles  are  very  much  stronger  tian 
those  of  other  tissues,* 

Dr.  C.  B.  Radcliffe  takes  a  radically  different  view  of  aninial  elec 
tricity.     His  conclusions,  briefly  summarized,  are  as  follows  : 

I.  The  sheaths  of  the  fibres  of  nerve  and  muscle  during  rest  ai^ 
charged  with  electricity  like  Leyderi  jars.  He  believes  it  probable, 
though  not  entirely  demonstrable,  that  the  sheaths  of  the  fibres  con- 
duct electricity  so  feebly  that  they  are  practically  non-conductors  and 
•re  di-electiic. 

This  charge  is  brought  about  by  the  development  of  electricity,  either 
positive  or  negative,  through  oxidation,  or  some  form  of  chemical  action, 
on  the  outside  of  the  sheaths  of  the  fibres,  which  electricity  induces 
through  the  di-electric  sheath,  an  opposite  electricity  from  the  inside  of 
the  sheaths,  after  the  manner  of  the  Leyden  jar.  Electricity  which  exists 
ZQ  the  nerves  and  muscles  during  rest  is  in  a  statical  condition,  and  not 
in  dynamic  or  current  state. 

The  nerve-current  and  muscle-current  are  purely  incidental  phenom- 
ena, resulting  from  applying  the  electrodes  to  points  of  uoequal  elec- 
tric tension. 

2*  That  the  passage  of  a  nerve  or  muscle  from  a  state  of  rest  to  a  state 
of  action  is  accompanied  by  a  discharge  similar  to  that  of  a  torpedo. 
The  arguments  in  favor  of  this  view  are,  that  the  anatomical  and  physio- 
logical apparatus  of  the  torpedo  closely  resembles  the  muscular  appara- 
tus of  all  animals ;  tliat  the  nerve-current  nearly  disappears  from  the 
nerve,  and  the  muscle-current  from  the  muscle,  when  nerve  and  muscle 
pass  from  rest  into  action ;  and,  finally,  that  the  phenomena  of  induced 
or  secondary  contraction  cannot  otherwise  be  explained. 

This  discharge  takes  place  between  the  sheaths  of  the  fibres,  which  are 
very  clastic,  and  are  capable  of  being  elongated  during  rest  by  the  mu- 
tual attraction  of  the  opposite  electricities  with  which  they  are  charged. 
^_     3-  That  wlien  a  nerve  or  muscle  passes  from  action  to  rest  it  resumes 
I^Bts  condition  of  charge.     Elongation,  therefore,  is  the  result  of  cliarge, 
Kaxsd  contraction  of  discharge. 

^^  This  point  is  illustrated  by  the  following  experiment : 
^^  A  nanow  band  of  rubber  is  wound  on  both  surfaces  very  near  die  edge 
Hvith  gold-leaf,  so  that  it  can  be  charged  or  discharged  with  electricity 
Jhke  a  Leyden  jar.  By  a  simple  arrangement  of  a  grooved  wheel  and  an 
atjparatus  that  multiplies  and  records  the  movements,  it  can  be  shown 
that  when  the  band  is  charged  by  a  few  turns  of  a  frictional  machine,  if 
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elongates,  and  when  the  charge  is  discharged  it  contracts.  It  is  believed 
that  the  muscle  behaves  in  precisely  this  majiner.  If  ucrves  are  not 
affected  in  the  same  way,  it  is  because  their  fibres  are  not  sufficient]/ 
elastic. 

4,  That  the  blood  keeps  up  the  natural  charge  of  electricity  in  nerve 
and  muscle. 

The  acceptance  of  lliis  view  explains  many  interesting  facts  in 
pathology.  It  explains  ihe  fact  that  diseases  that  are  accompanied  by 
a  deficiency  in  the  nerve-currents,  as  neuralgia,  spinal  irritation,  hysteria, 
tetanus,  epilepsy*  usually  manifest  themselves  by  morbid  activity,  by 
increased  and  unnatural  movements  of  muscles  and  nerves. 

Active  inflammations,  when  there  is  increase  of  blood,  are  not  usually 
accompanied  by  excessive  nnisciilar  or  nervous  action. 

Apparatus  for  Si udy in g  Animal  Electricity, ^In  a  practical  work  of 
this  kind  it  is  not  necessary  nor  proper  to  enter  into  elaborate  detail 
uf  all  the  experimental  premises  by  which  Malteucci,  Du  Bois-Rey- 
mond,  PilOger,  and  others  have  made  rheir  discoveries.  A  very  brief 
description  of  the  apparatus  of  Do  Bois-Reymond  may  possibly  be  of 
interest. 

He  employed  a  very  delicate  galvanometer,  the  distinctive  fea- 
Uires  of  which  were,  Jirst^  the  astatic  needles  were  constructed  and 
arranged  with  great  care  ;  and,  secondly^  the  wire  around  them  was  very 
long,  and  of  from  4^000  to  24,000  convolutions.  A  multiplier  of  this 
sort  wi!l  indicate  the  presence  of  exceedingly  feeble  currents.  The 
wires  of  the  multiplier  are  connected  with  carefully  cleaned  and  pre- 
pared flat  new  plates  dipped  in  vessels  of  zinc,  containing  sulphat**  ^ 
^inc  to  prevent  polarization.  Two  cushions,  as  they  are  called, 
made  of  layers  of  blotting-paper  soaked  in  a  solution  of  sulphate  of 
zinc,  are  laid  in  the  edge  of  each  vessel,  with  tlieir  ends  in  the  liquid 
The  whole  is  enclosed  in  a  moist  chamber.  In  order  to  protect  any 
tissue,  it  is  placed  in  connection  with  the  two  cushions  in  various  posi- 
tions ;  then,  if  there  beany  current,  the  defection  is  seen  in  the  nee 
of  the  multiplier. 

When  two  symmetrical  parts  of  the  longitudinal  or  transverse  secdoP 
of  a  nerve  are  applied  to  the  cushions,  no  deflection  is  seen  ;  when  two 
dissymmetrical  parts  of  the  longitudinal  section  are  placed  on  the 
cushions,  the  needle  deflects  6*^  or  7^  When  the  longitudinal  section 
of  the  nerve  on  one  side  touches  one  cushion,  and  the  transverse  sec- 
tion touches  the  other  side,  the  needle  deflects  15**  to  30°. 

instead  of  the  galvanometer  multiplier  we  may  use  the  rheoscopic 
frog,  which  may  give  some  results  ;  but  it  has  the  disadvantage  (hat  il 
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loses  its  irritability,  and  that  it  contracts  only  when  the  current  is 
dosed  or  broken. 

Mxperimtnis  of  Trowtridge. — We  have  given  a  full  and  varied  pre- 
sentation of  the  leading  conclusions  of  Du  Bois-Reymond  and  others^ 
and  have  described,  in  a  very  general  way,  the  best  method  of  i^rform- 
ing  ihe  experiments  on  which  his  conclusions  are  based. 

We  have  done  this  in  justice  to  a  name  that  is  greatly  honored  in 
science,  in  justice  to  the  name  that  has  made  an  era  in  physiology,  and 
to  prepare  the  student  for  an  intelligent  understanding  of  the  experi* 
ments  that  seem  to  overthrow  these  views  of  Du  Bois-Reymond  that 
have  been  so  widely  accepted* 

It  has  always  appeared  to  us  that  in  the  experiments  of  all  electro- 
physiologists,  the  later  as  well  as  the  earlier  school,  there  were  chances 
for  great  error,  and  have  been  surprised  that  their  conclusions  have 
been  accepted  with  so  little  reservation. 

Bearing  in  mind  that  all  chemical  action,  however  slight,  is  probably 
accompanied  by  die  generation  of  electricity,  it  is  surely  not  irrational 
to  suspect  that  the  conclusions  from  careful  experiments  of  Du  Bois- 
Reymond  and  others  might  be  in  some,  if  not  in  all  cases»  modified  by 
chemical  action  between  the  animal  tissues  and  the  cushions  of  the  gal- 
v^anometer,  however  skilfully  these  were  protected. 

Among  the  physicists  at  least,  the  theories  of  Du  Bois-Reymond  have 
been,  on  the  whole,  losing  ground  during  the  past  ten  years,  and  pro- 
bably on  account  of  the  considerations  that  arc  above  presented. 

ProC   John  Trowbridge,  of  Harvard  College,  has  recently  made  a 
scries  of  researclies  that  seem  to  cast  grave  doubts  on  the  interesting 
,nd  hitherto  accepted  conclusions  of  Du  Bois-Reymond  in  regard  to 
nimal  electricity. 
This  physicist,  starting  out  on  the  face  of  the  accepted  fact  thalt 
two  liquids  of  dissimilar  chemical  cliaracter^  separated   by  a  porous 
^artiiic^n^  give  rise  to  a  current  of  dcctricit}\  h^iS  made  experiments 
ith  in  apparatus  similar  to  that  employed  by  Du  Bois-Reymond  in 
lis  researches  on  animal  electricity.      Instead,  however,  of  placing  a 
iece  of  muscle  or  nerve  on  the  cushions,  he  used  a  series  of  artificial 
^cUs^     These  arriticial  muscles  were  made  of  glass-tubes  covered  by 
IS  partuions,  and  tilted  with  the  different  liquids,  such  as^ 
Undistiiled  water. 

Weak  solution  of  salt  in  distilled  water. 
Solution  of  ditTerent  salts  of  iron. 
Blood, 
Acidulated  water* 
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Placing  the  artificial  muscle  thus  prepared  in  the  position  where  the 
natural  muscle  is  placed  in  Du  Bois-Reymond's  experiments,  he  found 
that  each  liquid  caused  a  deflection  of  the  needle  of  the  galvanometer. 

There  is  no  question,  in  the  opinion  of  Prof.  Trowbridge,  that  the 
currents  that  caused  these  deflections  of  the  needle  arose  from  the 
actions  of  the  fluids  in  the  tubes  on  the  saline  solution  of  the  cushion  and 
the  protecting  guard.  This  view  is  confirmed  by  the  fact  that  when 
the  artificial  muscles  were,  filled  with  distilled  water,  there  was  no  de- 
flection of  the  needle  observed ;  but  when  undistilled  water  or  the 
other  fluids  mentioned  were  used,  the  needle  of  the  galvanometer  de- 
flected so  far  as  in  some  cases  to  throw  the  spot  of  light  off  the  scale.^ 
Prof.  Trowbridge  exercised  the  same  precautions  as  are  found  necessary 
by  electro-physiologists  in  obtaining  the  so-called  muscular  currents. 
He  argues  that  the  behavior  of  the  artificial  muscle  must  be  similar  to 
that  of  a  natural  muscle  placed  on  the  cushions  ;  and  he  states  further, 
tiiat  when  we  use  the  natural  muscle,  containing  fresh  and  chemically 
active  blood,  separated  by  its  sheath  from  the  clay  guards  of  the  cushions, 
an  electrical  action  must  take  place  between  the  fluids  of  the  muscle  and 
the  saline  solutions  in  the  connecting  apparatus^  which  action  cannot 
well  be  distinguished  from  the  so-called  muscular  current,\ 

In  order  to  avoid  every  possible  source  of  error  in  these  experi- 
ments. Prof.  Trowbridge  not  only  tried  distilled  water  in  the  artificial 
muscles,  instead  of  undistilled  water  and  the  different  solutions,  but  also 
tried  the  mere  contact  of  the  bladder  membrane-partition  without  any 
fluid,  and  in  neither  case  was  any  current  produced.  He  employed  a 
vessel  shaped  like  the  letter  U,  opened  at  the  bend,  and  covered  at  the 
ends  by  a  membrane.  Into  the  two  limbs  of  the  tube  he  injected 
fluids  of  different  kinds.  When  the  vessel  was  filled  with  a  fluid  that 
was  homogeneous,  and  the  ends  of  the  tube  brought  in  contact  with 
the  cushions,  the  needle  of  the  galvanometer  was  deflected.  When  the 
points  of  contact  were  reversed,  the  direction  of  the  needle  was  re- 
versed. That  mere  contact  of  the  tube  with  the  cushions  did  not  cause 
the  deflection  of  the  needle,  was  shown  by  the  fact  that  when  no  fluids 
were  in  the  tube  there  was  no  deflection.  That  the  direction  of  the 
current  was  through  the  U-shaped  tube,  and  not  from  its  extremities  to 
the  galvanometer  and  back,  was  proved  by  the  fact  that  when  the 
section  of  one  of  the  limbs  of  the  U-shaped  tube  was  constricted,  the 

*  Thomson's  reflecting  galvanometer  and  new  quadrant-electrometer  were  used  in 
these  experiments. 

f  On  the  Electro-motive  Action  of  Liquids  separated  by  Membranes.  A$mrkam 
yournal  of  Science  and  Arts ^  vol.  iii.,  May,  187a. 
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deflecdoti  of  the  needle  was  reduced,  and  when  the  corvstriction  wai 
complete  there  was  no  deflection. 

The  conclusion  to  which  Prof,  Trowbridge  arrives  from  these  ex- 
periments, which  have  been  repeated  at  various  times,  is,  **  that  when  thf 
tushi^ns  af  the  galvanameter  are  connected  by  a  membranous  sac  con- 
fining fluids  ^  or  animal  tissue  saturated  with  fluids  an  endosmotic  action 
iaktf  ptace,  accompanied  by  galvanic  action  ;  and  that  this  galvanic 
a^ti^n  is  determined  by  the  difference  af  endosmotie  action  at  various 
faints  of  the  enclosing  membrane ^  * 

When,  therefore,  a  muscle  is  placed  on  the  cushions  of  the  galvanom- 
eter, its  transverse  section  on  one  pad  and  its  longitudinal  section 
on  the  other,  endosmose  takes  place,  which  is  different  at  different 
points,  and  the  galvanic  current  that  appears  is  probably  caused  by 
this  difference  of  endosmotic  action  and  not  by  the  so-called  musculax 
cuircnt.  Then  granting  that  a  muscular  current  exists,  it  must  suffer 
importaQt  modifications  in  strength  and  direction  through  this  endos- 
motic action.  If  the  muscular  current  does  not  exists  this  endosmotic 
aiticn^  with  the  accompanying  galvanic  action,  will  account  for  the  de- 
fli^i^n  of  th4  needle  of  the  galvanometer  that  hcul  been  supposed  to  be 
due  to  the  muscular  current 

In  a  letter  received  by  Dr.  Beard  from  Prof,  Trowbridge,  under  date 

[March  28,  1S73,  nearly  one  year  later  than  the  date  of  the  publication  of 
the  researches  of  which  the  above  is  an  abstract,  he  says  that  •*  later 
experiments  have  convinced  me  that  there  are  no  such  currents  as  mus- 
cular currents,  properly  so  called*  I  think  that  the  phenomena  noticed 
by  Du  Bois-Reymond  arise  from  differences  in  the  chemical  nature  of 
different  portions  of  the  muscle.  Du  Bois-Reymond  contends  that 
such  chemical  difference  does  not  exist,  and  that  the  tissue  is  homo- 
geneous from  a  chemical  point  of  view.  It  must  be  remembered, 
however,  that  a  delicate  galvanometer  can  detect  differences  in  chemi- 
cal composition  which  cannot  be  detected  except  by  the  most  refined 
analysis.      I  should  therefore  make  my  assertions  stronger  than  1  have 

[donc^  in  the  accompanying  papers,  in  view  of  subsequent  expermient." 
ProC  Trowbridge  has  also  made  experiments  that  seem  to  cast  grave 

>  dncibts  on  the  conclusions  of  Du  Bois-Rcymond  in  regard  to  electrical 

\rurrenis  in  the  arms,  Du  Bois-Reyraond  in  his  experiment  connects 
the  terminals  of  a  galvanometer  in  separate  vessels  by  a  siphon-tube 
containing  the  same  liquid  as  the  vessel.  The  ends  of  the  tube  are 
covered  with  a  porous  preparation. 


*  Proceedings  of  the  American  Acidemy  of  Arts  and  Sciences,  Jsmuaiy  9,  1872. 
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PUdng  a  forefinger  io  each  vessel  and  violently  contracting  the 
%rm,  he  observed  that  the  needle  of  the  galvanometer  was  deflected  ;  on 
contracting  the  other  arm,  the  needle  deflected  in  the  opposite  direc- 
tion. Du  Bois-Reymond  explained  this  phenomena  by  the  theory 
that  electrical  currents  circulate  in  the  arm  distinct  from  and  co-exist- 
mg  with  the  muscular  and  nerve-currents.  It  is  not  difficult  to  con- 
ceive that  in  an  experiment  of  this  kind  there  would  be  chances  for 
error  sufficient  to  make  us  very  cautious  in  accepting  any  immediate 
conclusions  in  regard  to  it.  In  order  to  test  the  validity  of  this  con- 
chision,  Prof.  Trowbridge  prepared  a  vessel  with  two  limbs,  which  he 
substituted  for  the  human  finger.  Du  BoisReymond's  experiment- 
vessel  was  filled  with  a  solution  of  salt^  and  the  end  of  the  Umbs  wa* 
covered  with  prepared  membrane.  The  resistance  of  the  circuit 
through  both  limbs  and  the  vessel  was  about  that  of  the  human  body 
from  the  forefinger  of  one  hand  to  the  forefinger  of  the  other — ^that  is, 
about  seven  or  eight  times  the  resistance  of  the  Atlantic  cable.  The 
ends  o(  the  limbs  or  tubes  were  immersed  in  the  fluid  of  the  vessel  con- 
nected with  the  galvanometer.  As  soon  as  they  touched  the  liquid^ 
the  needle  of  the  galvanometer  was  deflected,  and  on  reversing  the 
limbs  the  needle  was  deflected  in  the  opposite  direction. 

When  the  flexible  portion  of  one  of  the  limbs  was  pinched  so  as  to 
diminish  the  diameter,  the  deflection  was  also  diminished.  When  a 
trifling  change  was  made  in  M<r  chemUal  character  of  the  fluids  in  ihi 
twa  Hmh^  and  one  of  tlu  limbs  was  slightly  contracted^  the  direction  cf 
the  needle  was  reversed. 

Prof.  Trowbridge  is  disposed  to  believe  that  the  deflection  of  the 
needle  caused  by  the  contraction  of  the  muscles  of  the  arm,  **is  pro- 
duced either  by  the  temperature  or  by  the  change  in  the  flow  of  the 
blood*"  It  has  been  established,  that  the  electromotive  force  between 
venous  and  arterial  blood  is  about  one-thirtieth  that  of  a  Daniell's 
cell ;  and  as  muscular  contractions  change  the  chemical  character  of 
the  blood,  and  as  by  very  slight  chemical  difference  between  two  fluids 
separated  by  a  membrane,  like  the  skin,  is  sufficient  to  create  a  gal- 
ranic  current,  it  is  not  improbable  that  the  conclusion  of  Du  Bois* 
Reymood  in  regard  to  the  existence  of  a  separate  electrical  cuirent 
in  the  ann  Is  erroneous 
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EUcfr^tofws  is  the  peculiar  modtficaiion  of  irritability  that  nert*£^ 
MJid  muscles  tmdergo  when  acted  upon  by  a  galvanic  current. 

While  the  nerve  is  in  the  electrotbnic  state,  that  part  of  it  not  in- 
cluded between  the  poles  wiU  deflect  the  needle  of  a  delicate  galvano- 
meter ;  and  that  the  defection  then  caused  is  not  due  to  the  naturaJ 
ncrvc-cuirent^  is  proved  by  the  fact  that  it  appears  when  only  the  sur- 
face of  the  nerve  is  connected  with  the  galvanometer.  It  is  therefore 
the  electric  condition  of  the  nerve  caused  by  the  passage  of  the  current 
through  it  that  deflects  the  needle.  The  electrotonic  condition  not  only 
remains  so  long  as  the  galvanic  current  continues  to  pass,  but,  if  the 
current  be  sufiiciently  powerful,  it  remains  for  a  limited  time  after  the 
current  ceases  to  pass. 

The  electrotonos  is  more  noticed  the  larger  the  extent  of  nerve 
acted  upon,  provided  the  current  be  sufficiently  increased  to  overcome 
ibe  increased  resistance. 

In  nerves  that  are  dead,  or  have  lost  their  irritability,  electrotonos 
Cinnot  be  excited  at  all,  or  only  feebly,  and  the  same  is  true  when  th* 
nerve  is  cut  across  or  tightly  bound  with  a  ligature. 

The  change  in  the  nerve-current  depends  on  the  direction  of  the 
galvanic  current.  When  the  galvanic  current  flows  in  the  same  direc- 
dan  with  the  nerve-current,  the  strength  of  the  nerve- current  is  in- 
creased ;  when  the  galvanic  current  flows  in  a  contrary  direction,  the 
strength  of  the  nerve-current  is  diminished. 

Electrotonos  is  greater  when  the  galvanic  current  flows  lengthwise 
than  when  it  flows  across  the  nerve.  It  increases,  within  certain  Umits, 
with  the  increase  in  the  intensity  of  the  current. 

Mateeular  Theory  of  Anelectrotonos, — Du  Bois-Reymond  has  sug- 
gested a  theory  to  account  for  the  phenomena  of  electrotonos,  which 
has  been  generally  accepted.  It  is  analogous  to  the  theory  of  mag- 
netism stiggested  by  Coulomb.  He  supposes  that  muscles  and  nerves 
consist  of  electric  molecules,  which  have  one  positive  equatorial  zone 
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and  two  negative  polar  zones,  whose  axes  axe  parallel  to  each  other; 
that  is,  two  molecules  make  one  molecule.  This  is  called  the  ptri-pQlof 
arrangement.  In  a  magnet,  each  individual  molecule  manifests  the 
same  phenomena  as  the  entire  magnet :  each  molecule  is  indeed  a 
magnet  in  miniature.  In  like  manner^  each  molecule  of  the  nerve  ot 
muscle  manifests  the  same  phenomena  as  the  entire  nerve  or  muscle. 
These  peri  polar  molecules  are  enclosed  by  a  moist  covering. 

Du  Bois-Reyrnond  further  supposes  that  each  peri-polar  molecule 
may  be  divided  into  a  group  of  dipolar  molecules — where  the  positive 
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Fig.  3^. 

Peri-polar  Arrangement  of  Elcctro-motor  Molecales. 

L  S^Longitudinal  Sectioru  T  S — ^Transverse  Scctiao. 

P— Parelectronomic  Layer* 

hemispheres  are  turned  toward  each  other — without  changing  thcil 
electrical  properties.  This  is  called  the  dipolar  arrangement.  If  a 
number  jf  such  molecules  are  brought  under  the  influence  of  a  galvanic 
current,  their  positive  zones  will  turn  toward  the  negative  pole,  and  the 
negative  toward  the  positive  ;  one  of  the  molecules  {3)  turning  180" 
on  its  axis.  The  arrangement  will  be  as  above.  From  its  resemblance 
to  the  voltaic  pile  it  is  called  the  pile-hke  arrangement. 

This  pile-like  airangement  of  the  molecules  not  only  takes  place 
between  the  electrodes,  but  also  beyond  them  into  the  extra-polar 
region. 

Du  Bois-ReymontJ  has  illustrated  these  phenomena  on  molecules 
made  of  zinc  and  copper. 

From  these  experiments  Do  Bois-Reymond  concluded,  first,  that  the 
nerve  is  always  in  the  condition  of  a  closed  circuit,  since  electric  cur- 
rents are  produced  by  the  connection  of  layers  surrounding  the  mole- 
cules with  their  molecules  ;  and  secondly,  that  the  current  obtained 
from  an  animal,  as  indicated  by  the  galvanometer,  is  only  a  small  por- 
tion of  the  entire  current. 
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The  galvanic  current  that  produces  the  electrotonic  condition  is  called 
ihjG  polartsing  ciurent  The  portion  between  the  poles  is  called  intra* 
foiar;  beyond  and  outside  of  the  poles,  extra-polar.  Electrotonos  is 
ascending  when  it  proceeds  from  the  muscle  to  the  nerve ;  descending 
when  it  proceeds  from  the  nerve  to  tlie  muscle. 

Antlectrotonos  and  Catclecirotonos, — Anekctroionos  is  a  condition  a/ 
dimini:htd  irritability  which  takes  place  at  the  positive  electrode.  Cote- 
Uftrpt&nos  is  a  condition  of  increased  irritability  which  takes  place  at  the 
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L  S— LongitudiruJ  Section.  T  S — Transverse  Section. 

1.  Pcn-pot&r  arrangemeat  of  electro-motor  molecules. 

2,  Di-poUr  arningemcjit  of  electro-motor  molecules^ 
3^  Pik-Iike  Arrangement  of  electro-motor  molecules,  caused  by  the  action  of 

the  galvanic  current. 

ive  electrode.  At  some  point  between  the  electrodes  the  irritability 
nerve  is  unchanged.  The  conditions  of  anelectrotonos  and 
calclcctrotonos  are  found  not  only  between  the  poles,  but  also  in  the 
other  portions  of  the  ner\^e,  in  the  extra-polar  portion. 

The  portion  between  the  poles  and  near  the  negative  pole,  together 
with  the  portion  beyond  the  negative  pole,  is  in  a  state  of  catelectro- 
tonoSi  with  increased  irritability.  The  portion  between  the  poles  and 
near  the  positive  pole,  together  with  the  portion  beyond  the  positive 
pole,  is  in  a  state  of  anelectrotonos^  with  diminished  irritability. 

The  extra-polar  catelectrotonos  depends  on  the  length  of  the  nerve  be 
tween  the  poles^  and  the  strength  of  the  current,  up  to  a  certain  limit. 
The  strength  of  the  extra  polar  anelectrotonos  is  proportioned  to  iti 
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distance  from  the  poles^  being  greatest  near  the  mtrapolar  porttoiL 
The  extra-polar  catelectrotonos,  both  ascending  and  descending,  is  in 
,  state  of  increased  irrilabihty.  The  extrapolar  anclectrotonos,  both 
scending  and  descending^  is  in  a  slate  of  diininished  irritability. 

Neutral  Point, — Between  the  poles  there  is  a  point  where  the  irrita- 
bility is  not  changed  ;  there  anclectrotonos  meets  catelectrotonos.  This 
is  called  the  neutral  point.  The  relative  position  of  this  depends  on 
the  strength  of  the  polarizing  current.  Where  the  strength  of  the  cur- 
rent is  medium,  the  neutral  point  is  about  midway  between  the  poles. 
Where  the  current  is  weak,  the  neutral  point  is  nearer  the  positive 
pole.     Where  it  is  strong,  it  is  near  the  negative  pole. 

Negative  Variation. — When  a  current  frequently  interrupted  \% 
applied  to  an  irritable  nerve,  it  causes  the  nerve-current  to  diminish  in 
strength,  and  finally  utterly  destroys  it.  This  fact  is  demonstrated  by 
the  galvanometer. 

The  same  phenomena  is  caused  to  a  less  degree  by  chemical  or 
mechanical  stimulation  of  nerve.  Negative  variation  has  been  explained 
by  the  theory  that  tl:>e  peri-pular  molecules  in  the  nerve  change  their 
arrangement,  so  that  their  electro-motor  power  is  diminished.  The  neg- 
ative variation  of  the  current  has  been  studied  by  Bemstein.  He  re- 
gards all  the  electric  phenomena  of  the  nerve  as  undulatory  movements, 
and  has  mathematically  estimated  the  length  of  the  waves  in  nerve  and 
muscle.  Cyon^  in  confirmation,  has  shown  that  the  degree  of  the 
vaoatton  is  directly  proportioned  to  the  number  of  interruptions  in  the 
exciting  current. 

Effects  of  Eiectrotonos  in  Diminished  Conductivity. — The  power  of  a 
nerve  to  conduct  irritability  is  more  or  less  modified  by  the  condition  of 
eiectrotonos.  The  portion  of  the  nerve  near  the  positive  pole,  which  is 
in  a  condition  of  anclectrotonos,  has  its  conductibility  diminished  ;  the 
portion  of  the  nerve  near  the  negative  pole,  which  is  in  a  condition  of 
catelectrotonos,  has  its  conductibility  increased*  If  the  current  be  suf- 
ficiently strong,  the  power  of  the  nerve  to  conduct  impressions  may  be 
nearly  or  entirely  destroyed. 

Effects  of  Eiectrotonos  after  the  breaking  of  the  Galvanic  {polarizing) 
Current. — One  of  the  effects  of  the  eiectrotonos  is  the  irritatton  which  is 
caused  by  the  passing  away  of  the  anclectrotonos.  This  irritation, 
which  appears  at  llie  positive  pole,  is  shown  either  by  a  contraction  or 
by  a  tetanic  condition. 

Positive  Modification  and  Negative  Modification. — The  nerve  which  is 
in  a  condidon  of  catelectrotonos  at  the  negative  pole  is  greatly 
modified  by  the  breaking  of  the  polarizing  current.     Its  irritability  tj 
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thereby  diminished  This  diininutioii  of  irritability  is  called  the  "  nega* 
iwe  modification. ^^  At  the  positive  pole  in  the  catelectrotonic  region,  an 
increase  of  irritability,  or  positivt  madificadony  appears  on  breaking  the 
current.  This  increase  and  diminution  of  irritability  continue  for  some 
time  after  the  polarizing  current  is  broken. 

Effect  of  a  Change  in  the  Direction  of  the  Current. — ^Another  effect  of 
lelectrotonos  is  the  change  of  irritability  which  is  caused  by  a  change  ia 
tlic  direction  of  the  current.  If  a  nerve  is  subjected  for  some  time  to 
the  influence  of  a  galvanic  current  in  a  certain  direction,  it  loses  some 
of  its  irritability^  which  i\  regains  when  the  current  is  reversed 

Reit0raSion  cf  Irritability. — A  very  important  effect  of  electrotonoa 
is  a  restoration  of  irritability  in  a  nerve.  It  has  been  proved,  both  by 
experience  and  by  experiments,  that  nerves,  which  from  any  cause  have 
lost  their  irritability  to  the  faradic  current,  sometimes  regain  it  after  an 
Application  of  the  galvanic.  It  has  been  shown  by  the  experience  of 
several  writers  on  electrotherapeutics,  and  of  ourselves*  that,  in  casei 
of  paralysis,  when  the  faradic  current  at  first  fails  to  produce  contrar- 
tiQns>  the  application  of  the  galvanic  may  not  only  readily  produce  con- 
tractions, but  may  also  produce  such  a  change  in  the  irritability  of  the 
paralysed  parts  as  to  cause  them  to  regain  their  lost  irritability  to  thi 
faradic  current,     (See  Electro-Therapeutics.) 

Mlectrotonos  of  Muscle, — A  muscle^  like  a  nerve,  may  be  put  in  the 
condition  of  electrotonos ;  the  changes  of  irritability  that  accompany 
this  condition  are  confined  to  the  poition  of  muscle  through  which 
Ihc  current  flows.  The  subsequent  effects,  after  the  polarizing  current  is 
broken,  are  also  limited  to  the  portion  through  which  the  current  passes. 

It  is  logically  probable,  also,  that  not  only  the  motor-nerves,  but  also 
all  parts  of  the  nervous  system — central  and  peripheral — are  capable  of 
exhibiting  the  phenomena  of  modified  irritability  under  the  galvanic 
current* 

Tlkecry  of  Anelectratotws  and  Catelectr&tonos. — That  the  galvanic 
current  in  its  passage  through  the  nerve  diminishes  the  irritability  of  that 
ti^^rve  in  the  region  of  the  positive  pole,  and  increases  its  irritability  in 
Ihe  region  of  the  negative  pole,  maybe  explained  by  the  purely  physical 
elfects  of  the  cunents  in  the  tissue. 

We  have  seen  that  in  electrolysis  acids  go  to  the  positive  and 
nLkalies  to  the  negative  pole  \  now  it  is  a  fact  of  physiology  that  acids 
dinunish  the  irritability  of  nerves,  while  alkalies  increase  it.  Anelec- 
irotonos  and  catelectrotunos  may  therefore  be  caused  by  acids  at  tlie 
|>osiLive  and  alkalies  at  tJie  negative  pole. 

This   explanation   is  rendered   probable   by  two  facts:  firsts   that 
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anelectrotonos  and  catelectrotonos  are  not  produced  by  the  seconduj 
faradic  current,  which  has  no  marked  chemical  action  ;  and  secondly^ 
that  very  feeble  and  instantaneous  passages  of  the  galvanic  current  pro- 
duce electrolytic  effects. 

Pfiiigct^s  Contraction-Law, — The  law  of  contraction,  as  derived  by 
Pfltiger  from  ejcperiments  on  the  frog,  is  thus  formulated  :  The  nerve  u 
excited  by  the  appearance  of  catelectrotonos y  and  the  disappearance  of 
anelectrotonos y  hut  not  by  the  appearance  of  anelectrotonos  or  the  dis- 
appearance of  catelectrotonos.  This  law  is  considered  of  great  scientific 
as  well  as  practical  value. 

Ehctrotonos  in  the  Living  Man. — The  subject  of  electro  to  nos  in  the 
living  man  has  been  studied  by  Eulenburg,  Samt»  Von  Bexold,  Brenner, 
Erb,  BrQckner,  Runge,  and  Filchnc,  but  most  successfully  by  Cyon. 

Cyon,*  by  a  series  of  elaborate  and  careful  experiments,  has  shown 
that  the  contraction-law  of  POiiger,  as  established  on  the  frog  prepara- 
tion^ applies  also  to  the  living  human  subject. 

He  has  shown  that,  after  closing  the  circuit,  the  irritability  is  in- 
creased near  the  negative  pole ;  that  this  condition  of  catelectrotonos 
increases  as  the  cuixent  runs  up  to  a  certain  point ;   that  on  breaking  ' 
the  current  the  negative  modification^  or  condition  of  diminished  irrita- 
bilil)',  appears  for  a  moment,  and  then  disappears. 

Near  the  positive  pule,  on  tlie  other  hand,  the  irritability  is  diminished 
at  and  after  closing  the  current*  On  breaking  tlie  current  there  is 
an  increase  of  irritability^  or  positive  modification^  w^hich  appears  to  be 
greater  when  the  current  has  h^^^w  allowed  to  run  a  long  time. 

The  experiments  from  which  Cyon  derived  these  conclusions  were 
liiade  on  the  ulnar  nerve,  and  with  great  care  to  avoid  error.  It  will 
be  seen  that  the  results  correspond  with  die  results  of  Pfliiger's  experi- 
ments on  the  frog,  and  confirm  them.  Cyon  found,  however,  that  these 
results  were  not  uniform  in  all  persons,  but  were  modified  more  or  less 
by  temperament  and  disease. 

Practical  Bearings  of  the  Laws  of  Electrot&nos. — ^WHiile  the  laws  of 
electroionoi  do  not  account  for  aO  the  therapeutical  action  of  the  gal- 
vanic current,  they  are,  nevertheless,  of  great  value,  and  help  to  ex- 
]>lain  the  practical  differences  observed  in  the  action  of  the  two  poles. 
In  a  carefully  prepared  article,  however,  by  De  \Vatteville,f  the  con- 
clusion is  reached  **  that  a  therapeutical  system,  built  on  the  opposite 
anelectrotonic  and  katelectrotonic  effects,  rests  upon  an  imaginary 
basis.  .  .  .  Both  are  stimulants,  if  *  stimulation*  there  be,  the  kathode 
more  than  the  anode/* 


*  Priftdpes  d^Electrotherapie,     Paris,  1873,  p,  i-^o  et  teq. 
f  Conditions  of  the  Unipolar  Stimulation^  etc.     **  Brain." 
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regard  to  the  study  of  the  action  of  electricity  on  the  body  hi 
hialthf  it  is  necessary  to  make  the  preliimnary  remark  hat  many  of 
the  experiments  that  have  been  made  and  published,  and  iridely  quoted 
in  this  department,  have  but  little  scientific  vaJue,  and  cannot  be  re- 
garded as  m  any  sense  authoritative*  The  reason  for  the  uncertainty 
pertain ing  to  the  reported  experiments  are  manifold  : 

I.  TA^  iHsiinction  between  the  currents  has  not  been  absented.  Not 
niy  have  the  farad ic  and  the  galvanic  currents  been  constantly  con- 
founded, but  the  subdivisions  of  the  faradic  current— the  electra mag- 
netic and  magneto  electric — have  been  vaguely  commingled.  Many 
I  obsorers  speak  of  galvanization  when  they  mean  faradization,  and  vici 
^ftrcTfifi  and  not  a  few  apply  both  terms  to  the  use  of  the  same  current 
^"  2.  Athwance  has  not  been  made  for  the  differeniiat  action  of  strongs 
medium^  and  feeble  currents^  or  of  long  and  short  applUations,  The 
difference  in  the  physiological  effect  of  a  large  and  small  dose  of  opium, 
1^^  sirycluune,  belladonna,  or  ergot,  or  any  other  powerful  remedy  whatso* 
^Bever,  is  enormous.  When  a  small  dose  has  no  perceptible  eflfect,  a  Large 
^■dose  may  throw  into  profound  sleep,  or  into  violent  convulsions,  diat  lead 
^r  to  death.  In  speaking  of  the  physiological  action  of  drugs  of  any  kind, 
the  dose  is  always  mentioned,  and  any  experiment  with  drugs,  on  man 
or  aiiimals,  when  ^^  dose  b  not  known  or  mentioned,  has  litde  value  in 
sdence.  Samilarly  also  in  electro-therapeutics,  we  find  in  every-day 
experience  that  the  difference  in  the  effects  of  a  niLld  and  short,  and  a 
severe  and  long,  application,  is  only  the  difference  between  making  a 
patient  infinitely  better  or  infinitely  worse. 

Wbefi,  therefore,  we  read  that  galvanization  of  the  sympathetic  or 
poeumogastric  produces  such  and  such  effects,  we  really  get  no  precise 
ItDowledge  whatsoever. 

5.  T%€  differential  susceptibility  of  man  and  animals  lias  not  been  duly 
imisid^red.  Experiments  with  electricity  performed  on  the  lower  ani 
mal^y  as  frog%  dc^s,  cats,  horses,  rabbits,  cows,  guinea-pigs,  etc,  do  not 
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always  afford  a  safe  basis  for  generalization  in  regard  to  the  effects  of 
electricity  on  man,  and  especially  on  man  in  a  state  of  civilization*  In 
their  susceptibility  to  the  electrical  stimulus^  and  in  the  length  of  time 
that  they  retain  iheir  irritability  after  death,  there  is  a  great  difference 
in  animals;  be.iveen  animals  and  civilized  man  this  difiference  must  be 
very  great. 

In  proportion  as  the  organization  of  man  is  more  complex  than  that 
of  the  lower  animals,  in  that  proportion  wiO  the  physiological  reactions 
of  the  human  body  to  the  electric  current^  or  indeed  to  any  other  »n 
tluence,  be  more  complex  and  uncertain,  and  more  liable  to  deviatioat 
and  modifications  than  the  ph)^siological  reactions  of  the  inferior  famis 
of  life  to  which  we  are  supposed  to  be  related.  Conclusions  in  electro- 
physiology,  derived  solely  from  experiments  on  animals,  have  the  great 
merit  of  simplicity ;  but  when  applied  to  the  far  higher  and  more  com- 
plex organization  of  man,  and  especially  of  civilized  man,  with  his  ex- 
cessively sensitive  system  of  nerves,  they  are  apt  to  lead  into  serious 
error. 

4.  Individual  idiosyncrasies  have  not  been  properly  considered.  The 
action  of  medicines  varies  with  the  temperament  to  such  a  degree  as  to 
fiiake  necessary  great  caution  in  rushing  to  generalizations  from  expe- 
riments on  one  or  two  persons.  Applications  of  electricity,  faradic 
or  galvanic,  to  the  cervical  sympathetic,  similar  in  length  and  strength, 
rnay  cause  in  one  individual  symptoms  of  cerebral  congestion,  in  another 
symptoms  of  cerebral  anaemia,  and  in  another  its  effects  may  be  purely 
negative.  In  one  individual  the  effects  of  such  application  may  be  felt 
at  once,  in  another  an  hour  or  two  after  tlie  application,  in  another  not 
until  the  following  day. 

There  is  a  great  difference  in  the  average  susceptibility  of  different 
nationalities  and  of  the  higher  and  lower  orders  of  society,  with  occa- 
sional exceptions  both  ways;  the  lough,  coarse  fibred  laboring  classes 
are  much  less  susceptible  to  electricity,  just  as  they  are  much  less  sus- 
ceptible to  drugs,  tlmn  llie  delicate,  finely  organized,  brain- working 
classes. 

5.  The  action  of  electricity  on  the  body  in  health  may  be  learned,  in 
fart  at  least ^  by  studying  its  action  in  disease. 

"Pathology,"  Allbutt  well  says,  "is  but  the  shady  side  of  physiolog)*." 
1T0  draw  the  line  precisely  where  health  ends  and  disease  begins,  is 
oftentimes  beyond  the  power  of  mortal  man.  Of  the  deep  darkness  of 
tlie  midnight-hour  any  child  is  conscious,  and  even  the  birds  discern  the 
approach  of  evening  ;  but  what  physicist  so  keen  as  to  tell  the  precise 
moment  when  the  late  afternoon  begins  to  fade  into  the  early  twilight? 
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It  is  because  physiology  and  pathology  thus  run  into  each  other,  that 
obsen'ations  on  pathological  states  may  be  of  great  service  to  physiology. 
Experiments  made  with  electricity  on  patients  more  or  less  diseased 
have  helped,  as  we  shall  see,  to  solve  some  of  the  problems  of  electro- 
physiology.  Certain  pathological  states  render  die  nerves  unusually 
impressible  lo  electricity  in  degree,  though  in  the  same  way  as  w 
healthy  and  thus  are  of  great  value  to  the  electro-physiological  experi 
menter. 

The  above  considerations  explam  in  part  the  opposite  and  inconsistent 
as  well  as  fragmentary  character  of  electro-physiological  researches,  and 
they  should  be  borne  constantly  in  mind  by  those  who  study  this  and 
the  following  chapters,  devoted  to  the  action  of  electricity  on  the  humar 
body  in  health. 

Action  of  Franklinlc  Ehciriciiy. — ^When  the  sparks  of  frictional 
electricity  are  applied  to  the  skin  they  produce  a  sensation  of  pricking 
and  if  the  sparks  are  large  the  skin  becomes  red  and  a  papular  eruptiori 
appears.     Applied  to  the  scalp,  it  causes  the  hair  to  stand  on  end* 

Action  of  the  Faradic  Current. — If  any  dry  artificial  electrode  is 
pressed  against  the  dry  skin  while  a  faradic  cuiTent  is  passing,  the  elec- 
tricity will  penetrate  but  slightly  to  the  deeper  tissues,  unless  the  current 
is  very  intense,  because  of  the  great  resistance  offered  by  the  skin* 

One  effect  of  the  faradic  current  on  the  skin  in  this  way  is  to  cause  a 
change  in  the  circulation.  The  change  may  be  either  anaemia  or  hyper- 
semia.  At  first  there  is  anaemia.  The  calibre  of  the  blood-vessels  is 
narrowed,  through  the  action  of  the  corrent  on  the  vaso  motor  nerves* 
This  contraction  with  anemia  is  s[)asmodic  in  its  character;  it  lastg 
but  for  a  time,  and  in  the  course  of  two  or  three  minutes  it  gives  way 
to  hyperemia.  The  skin  becomes  red,  and  remains  so  for  a  short  or 
long  time,  from  several  minutes  to  several  hours,  according  to  the 
strength  of  the  current,  the  length  of  the  application,  and  the  tempera- 
ment of  the  individual. 

Another  effect  of  far adi zing  the  skin  in  this  way  is  pain.  This  pain  is 
caused  by  the  irritation  of  the  extremities  of  the  sensory  nerves. 

When  the  dry  hand  is  substituted  for  the  dry  artificial  electrode,  the 
sudkce  can  be  faradized  without  producing  pain.  During  the  latter 
operation  the  electricity,  acting  upon  the  dry  surface  of  the  skin,  pro- 
duces a  peculiar  cracking  or  humming  sound  that  may  be  heard  several 
feet. 

An  application  of  a  faradic  current  of  ordinary  strength  is  followed 
by  the  most  marked  effects  on  the  skin  when  it  is  dry,  from  the  fact 
liiat  the  electricity  is  mostly  confined  to  the  surface  of  the  tissue.     A 
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very  ftne,  or,  in  other  words,  a  rapidly  interrupted,  faradic  current,  has 
SI  more  marked  eflfect  on  the  sensory  nerves  than  a  coarse,  or  slowly  itl-  i 
terrupted,  current,  and  in  the  treatment  of  the  more  common  fonns  of 
anesthesia  and  neuralgia  this  fact  must  be  considered.  The  n€gathi 
fioie  has  a  much  stranger  effect  both  an  the  sensory  and  motor  nerves 
than  the  positive.  Any  one  can  readiiy  distinguish  the  poles ^  when  held  \ 
in  the  hand,  by  the  stronger  sensation  and  more  violent  muscular  con- 
traction which  is  felt  at  the  negative. 

Some  parts  of  the  skin  are  more  sensitive  to  the  current  than  others, 
from  the  fact  that  they  are  more  richly  supplied  with  nerves.  The  face 
is  especially  sensitive  at  the  points  where  the  various  branches  of 
the  trigeminus  issue,  and  at  the  line  of  demarcation  of  the  skin  and 
mucous  membrane  of  the  nose  and  mouth-  The  relative  sensitiveness  i 
of  different  parts  of  the  surface  of  the  body  to  the  faradic  current  will 
be  discussed  in  detail  in  a  chapter  devoted  to  that  subject  in  the  section 
on  Electro-Therapeutics.  A  faradic  current  of  moderate  strength,  when 
applied  to  bones  that  be  very  near  the  surface,  produces  considerable  i 
pain  of  a  peculiar  character.  This  pain  is  caused  on  account  of  tlie 
irritation  of  the  sentient  nerves  of  the  periosteum.  The  forehead  and 
the  region  of  the  scapula  and  tibia  are  especially  sensitive  to  electriia* 
tion. 

It  is  not  supposed  that  the  bone  is  specifically  affected  by  the  electric 
current.     Both  the  periosteum  and  the  bone,  however,  may  have  an 
increased  amount  of  blood  attracted  to  them  by  the  electric  current 
Acting  in  this  manner,  electrization  has  been  known  to  reunite  anoki  ' 
fracture.     (See  Electro-Surgery.) 

The  great  and  peculiar  sensitiveness  of  the  skin  to  electricity  is  ex- 
plained in  part  by  the  fact  that  the  epidermis  as  a  whole  is  so  poor  a  con- 
ductor, and  the  electricity  enters  it  by  points  through  the  sudoriferous  and 
sebaceous  glands,  and  the  smaller  the  diameter  of  the  point  at  which  the 
electricity  enters  a  body  the  greater  the  density,  the  strength  of  the 
current  being  constant.    When  now  an  electrode  is  applied  to  the  body,   j 
the  entire  current,  instead  of  diffusing  itself  over  the  whole  surface,  fl 
enters  at  the  glands,  where  there  is  best  conduction,  and  consequently  ^ 
excites  pain.     For  the  same  reason,  to  a  greater  degree,  electricity 
applied  by  means  of  a  metallic  brush  is  far  more  painful  than  when 
applied  with  a  broad  metal  or  sponge.  Jk 

For  the  same  reason  a  wet  sponge  electrode,  when  ligJitly  touched  to  H 
the  surface  of  the  body,  causes  more  pain  than  when  firmly  pressed  o& 
the  skin« 

One  effect  of  faradir.ing  tlie  skin  is  the  phenomenon  of  '*  goose-flesh," 
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>pulaily  so  called.  This  is  noticed  not  only  where  the  electrodes  are 
jlppUed,  and  between  them,  but  at  a  distance.  It  is  more  observed  in  the 
trvous  and  feeble  than  in  the  hardy  and  strong.  It  may  be  excited  b) 
rcak  currents  of  momentary  duration.  In  some  persons  it  cannot  be 
xcited  at  all 

Action  0/  the  Galvanic  Current, — The  effects  of  the  galvanic  current 
the  skin  differ  somewhat  from  those  of  the  faradic.  At  both  poles 
here  IS  a ^irrw/>/^  sensation,  which  increases  in  intensity  with  the  strength 
"the  current  and  the  length  of  the  application.  The  sensation,  when 
[le  current  is  closed,  is  like  that  of  a  mustard-plaster,  or,  with  a  very 
rong  current,  that  of  a  hot  iron  pressed  on  the  skin.  The  -'goose- 
kin  "  sometimes  appears  as  under  the  faradic  current,  but  it  lasts  longer. 
:  appears  only  around  the  poles,  and  not  beneath  them,  at  the  points  of 
ct.  At  the  positive  pole,  in  some  cases,  there  appears  under  the 
tic,  at  first,  a  shallow  depression,  and  the  skin  is  pale,  but  soon 
liyperseniia  appears,  and  many  little  elevations  here  and  there.  When 
a  strong  current  is  used  an  ischsemic  appearance  is  presented  beneath 
tlie  electrode,  and  a  red  areola  extends  lor  some  distance  around. 

At  the  negative  pole  substantially  the  same  phenomena  appear,  but 
be  hypersemia  arises  more  rapidly,  and  is  more  intense  and  extended. 
The  general  sensation  caused  by  the  galvanic  current  is  then,  in 
fer,  substantially  the  same  at  both  poles.  In  degree  of  action 
is  a  certain  difference,  since  the  change  at  the  negative  develops 
nore  rupidly  and  powerfully. 
The  above  phenomena  we  have  repeatedly  demonstrated  on  a  variety 
'  temperaments.  We  have  observed  that  the  rapidity  and  strength  of 
he  action  are  considerably  modified  by  the  individual.  Soft,  thin,  and 
ate  skins  appreciate  the  burning  feeling  and  the  various  stages  of 
emia  more  quickly  than  skins  which  are  coarse,  thick,  and  hard. 
Ziemsseni  who  has  carefully  studied  this  subject,  states  that  unp^f- 
H%abh  electrodes  are  necessary  in  order  to  obtain  the  complete 
i  with  certainty.  The  advantage  of  unpolarizable  electrodes  is, 
tiai  they  arc  not  so  painful,  and  so  a  current  of  from  thirty  to  sixty 
lements  can  be  borne  for  a  long  time,  say  from  ten  to  thirty  minutes, 
iTttii  ordinary  electrodes  such  a  current  would  for  most  persons  be  un- 
[idurablc  after  the  second  minute. 

Chemical  Effects  of  the  Galvanic  Current  on  the  Skin. — The  chemical 

fects  of  the  galvanic  current  on  the  skin  differ  not  only  in  degree  but 

od.   Under  the  negative  pole — when  metallic  electrodes  of  moderate 

etcr  are  applied  on  the  skin,  slightly  moistened — there  appear  smalU 

vesicles,  that  are  transparent  and  are  not  raised  much  above  the 
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skiL.  Tliis  phenomena  is  produced  by  a  current  that  causes  a  strong 
burning  sensation.  These  vesicles  contain  fluid  and  layers  of  epidemiis. 
TJie  fluid  is  alkaline.  When  the  strength  of  the  current  is  increased  the 
fluid  becomes  of  a  brownish  color,  and  blisters  are  formed  and  t  red 
areola  appears.  The  serum  that  comes  out  on  the  skin  is  alkaline. 
These  blisters,  and  all  the  other  phenomena,  as  has  been  often 
demonstrated,  appear  more  rapidly  on  delicate  than  on  thick  skins,  and 
when  fully  formed  they  are  a  long  time  in  healings  and  for  days  and 
weeks  a  yellowish  and  brownish  discoloration  may  be  observed  at  the 
points  where  the  skin  was  acted  on. 

If  the  application  be  still  more  protracted  little  ulcers  are  formed,  that 
are  also  slow  to  perfectly  heal»  but  are  not  painful,  and  cause  no  an- 
noyance. 

At  the  positive  pole,  when  a  strong  current  is  used  for  some  time,  a 
blister  appears,  accompanying  the  other  symptoms  of  *' goose-flesh," 
ischsemia.  The  blister  is  colored  in  its  centre  a  yellowish  brown. 
The  serous  fluid  that  comes  from  the  blisters  is  acid.  The  metallic  elec- 
trode becomes  black  through  oxidation.  In  order  to  demonstrate  this 
action  of  the  positive  pole,  it  is  better  to  have  the  connection  at  the 
negative  pole  established  by  means  of  a  broad,  soft,  and  well-moistened 
5[>onge. 

Ziemssen  states  that  by  this  experiment,  made  witli  thermometers 
no  elevation  of  temperature  takes  place  either  at  the  positive  or  nega- 
tive pole. 

In  all  these  chemical  actions  of  the  galvanic  current  on  the  body,  it  is 
probable  that  more  or  less  ozone  is  produced,  and  it  is  not  impossible 
that  the  ozone  thus  produced  may  in  some  way  modify  the  cficctf, 
(See  section  on  Ozone  zx\A  Ulcer Sy  in  Electro-Therapeutics.) 

Electro-anasthesia. — ^It  has  for  some  time  been  a  matter  of  dispute 
whether  a  slight  anresthesia  can  be  produced  by  the  electric  current. 
It  is  well  known  that  for  a  number  of  years  some  dentists  have  been 
accustomed  to  connect  the  forceps  for  extracting  teeth  with  one  pole 
of  an  electro^magnetic  apparatus  while  the  patient  rested  his  foot  on  the 
other  pole^  so  that  as  soon  as  the  forceps  seized  hold  of  the  tooth  a  cur- 
rent is  established.  Although  this  method  of  producing  anaesthesia  is  not 
now  received  with  favor,  there  is  no  question  that  the  electric  cmrteDti 
do  have  a  slight  benumbing  effect.  The  results  of  various  experiment? 
that  we  have  from  time  to  time  performed  in  this  department  seem  to 
be  conclusive.  We  have  had  teeth  extracted  while  a  strong  faradic 
turrent  was  passing  through  the  jaw,  and  feel  assured  from  this  personal 
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^_rv|>criencc  that  the  electricity  caused  the  pain  to  be  less  sensitively  felt, 
^KThal  the  pain  caused  by  the  prick  of  a  pin,  for  example,  is  less  sensi- 
^Vtivcly  felt  when  a  strong  faradic  current  is  passing  through  the  pan 
^F where  the  puncture  is  made,  we  have  practically  demonstrated  ol  the 
hand  and  other  parts  of  the  body, 

Althaus*  arrived  at  the  conclusion  that  the  electric  current  could  pro 
duce  an  anaesthetic  or  slightly  paralyzing  effect,  from  experiments  on 
ihe  nerve-tninks,  as  the  ulnar  and  sciatic.  His  method  of  operating 
^■«ras  to  place  the  positive  pole  over  some  point  where  the  nerve  was 
^pupentcial,  and  the  negative  over  some  one  of  the  terminal  branches, 
keeptDg  up  the  action  of  the  current  for  fifteen  minutes,  with  the  result 
of  producing  a  feeling  of  numbness,  and  less  sensitiveness  to  the  cur- 
renl-  Knonr,  of  Munich,  has  availed  himself  of  the  anaesthetic  effects 
of  electrisation  for  opening  felons  and  buboes. 

We  have  also  experimented  on  iniiamed  and  irritated  mucous  mem* 
brmnes.     In  rhinitis,  pharyngitis^  and  laryngitis,  we  have  for  three  years 
been  accustomed  continually  to  make  use  of  the  benumbing  effects  of 
^^  eWcliuation. 

^H  It  has  a  very  slight  anaesthetic  effect  on  irritated  and  inflamed  mucous 
^Miembnuie,  and  those  on  whom  it  has  been  employed  desire  to  have  the 
^MppGcations  repeated.  Our  custom  has  been,  in  some  cases,  to  use  local 
^Hbjadixadon  after  the  application  of  caustics  and  other  irritants,  in  order 
^Hu>  rcticve  the  very  annoying  pain  that  they  so  often  cause,  or  in  any 
^fbriiable  condition  of  the  parts. 

A  French  physician,  M.  Victor  Revillout,  has  obtained  similar  results 
from  applications  of  the  faradic  current  to  the  uterus  after  cauteriza- 
•ioiwt 

EUcirical  Excitability  of  the  ^^m,— TschiriewJ  and  De  Watteville 

have  pointed  out  a  method  by  which  the  absolute  and  relative  excita^ 

bility  of  the  cutaneous  nerves  can  be  readily  tested.     The  principles 

of  their  method  are  :    rst.   Elimination  of  all  the  sources  of  variation  in 

^thc  strength  of  the  currents  due  to  the  variable  thickness  of  the  epi- 

^BermiSf  and  the  different  positions  of  the  electrodes,  etc.,  by  intercalat- 

^^■Bio  the  circuit  such  resistances  as  to  make  such  variations  insignifi- 

PHh-     2d.  Elimination  of  the  variable  abundance  of  nervous  elements 

I     to  the  skin,  by  exciting  it  at  a  constant  number  of  points,  dispersed 

Of  er  a  constant  surface. 


^  Midifal  El€€tri€ity,     1 86a     pp,  i66,  167, 

\  Anhivti  Gkntralis  di  MUeeint.     September,  tS68.     p.  35^ 
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CHAPTER  IV. 

ACTION  OF  ELECTRICITY  ON  THE   BRAIN  AND   SPINAL  CORD. 

Direct  Application, — It  has  been  shown  by  Fritsch  and  Hitzig  that 
in  the  cerebral  convolutions  there  are  centres  for  the  production  of 
voluntary  muscular  movements  in  various  parts  of  the  body.  These 
physiologists  took  off  the  upper  part  of  the  skull  of  a  dog,  and  by 
means  of  weak  galvanic  currents  excited  the  exposed  brain,  locating 
the  current,  as  far  as  possible,  in  small  portions.  They  found  that 
when  certain  definite  portions  of  the  anterior  convolutions  were  excited, 
movements  were  caused  in  certain  groups  of  muscles  on  the  opposite  side 
of  the  body.  Continuing  their  researches,  they  showed  that  there  are 
definite  nerve-centres  for  the  nerves  that  preside  over  the  muscles  of 
the  neck,  the  foot,  and  the  face,  for  the  extensor  and  adductor  muscles 
of  the  forearm,  and  for  the  flexor  and  rotator  muscles  of  the  arm. 

Prof.  Ferrier,  of  King's  College,  London,  has  made  similar  researches 
with  the  faradic  current,  and  with  it  has  investigated  the  brains  of  fish, 
frogs,  dogs,  cats,  rabbits,  guinea-pigs,  and  monkeys.  He  has  studied 
not  only  the  cerebrum,  but  the  cerebellum,  the  corpora  quadrigeraina, 
and  other  portions  of  the  brain.  Electrization  of  the  optic  thalanii 
produced  no  result.  Electrization  of  the  corpora  striata  caused  the 
limbs  to  be  flexed.  Electrization  of  the  anterior  tubercles  of  the  corpora 
quadrigemina  caused  dilatation  of  the  pupils  and  opisthotonus ;  while 
electrization  of  the  posterior  tubercles  caused  the  animal  to  make  all 
sorts  of  noises.  Electrization  of  the  cerebellum  caused  movements  of 
the  eyeballs.  Dr.  Beard  *  has  carefully  studied  this  subject  on  the  brains 
of  dogs,  rabbits,  cats,  and  pigeons.  He  used  both  currents,  mild,  me- 
dium and  strong,  and  studied  also  the  question  of  diffusion  of  currents. 
His  provisional  conclusions  were,  that  the  surface  of  the  brain  was 
electrically  excitable ;  that  the  theory  advanced  by  Dupuy  and  other 
French  observers,  that  the  excitation  was  due  to  the  diffusion  of  the  cur- 
rents to  the  central  ganglia,  was  not  tenable.    Dr.  Bartholow  f  had  made 

•  ArchiTCS  of  Electrology  and  Neurology.     May,  1874.  f  ^bid. 
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similar  experiments  on  the  brain  of  a  living  voman,  exposed  by  can- 
cerous disease. 

Efftcts  of  ExUrnal  Galvanization  of  the  Br  am. — The  leading  effect 
of  medium  and  strong  galvanization  of  the  brain  by  external  application 
in  the  living  human  subject  is  dift'erent.  When  one  electrode  is  placed 
on  the  foF'^head  and  the  other  on  the  occiput,  or  one  on  the  summit  of 
ihe  head  and  the  other  on  the  stomach,  galvanization  is  followed  by 
little  if  any  tendency  to  vertigo*  When  a  current  of  even  feeble  tension 
is  passed  from  temple  to  temple,  or  from  one  mastoid  bone  to  its  fellow, 
very  decided  dizzint*ss  is  at  once  jjercelved,  which  contiuues  during  the 
operation  of  the  current,  and  becomes  most  decidedly  manifested  at  die 
moment  the  circuit  is  broken. 

During  the  passage  of  the  current  there  is  a  very  marked  and  quite 
irresistible  tendency  to  lean  toward  the  positive  pole,  while  objects  in 
riew  seem  to  move  in  the  same  directiou.  When  the  circuit  is  opened 
there  is  a  reversal  in  Uie  directiou  of  the  seeming  movements,  and  the 
experimenter  instantly  bends  in  the  opposite  direction  toward  the  nega- 
tive pole* 

For  these  phenomena  an  ingenious  and  plausible  explanation  is  given 
by  Hitzig,  When  the  current  passes  from  the  forehead  to  the  occiput, 
the  right  and  left  lobes  of  tlie  brain  and  all  that  pertains  to  them  are 
equally  or  symmetrically  influenced,  and  little  if  any  dizziness  is  per- 
ceived. Place,  however^  the  anode  upon  one  temple  and  the  cathode 
upon  the  other,  and  mark  the  readiness  with  which  di^/iness  is  produced. 

In  this  operation  the  brain  is  no  longer  symmetrically  affected  One 
hemisphere  is  in  a  condition  of  anelectrotonos,  or  diminished  irritability, 
while  the  other  is  in  a  condition  of  catclectxotonos,  or  increased  irrita- 
bility, or,  as  it  is  expressed,  there  is  a  falsification  of  the  muscular  sense, 
a  disturbance  of  the  equilibrium,  and  the  apparently  involuntary  incli- 
nation toward  the  anode  is  in  reality  a  voluntary  eSbrt  to  restore  the 
imaginary  loss  of  balance. 

Hitzig  indicates  several  degrees  of  galvanic  giddiness* 

I.  A  mtre  sense  of  fulness  in  the  head.  This  feeling  is  caused  by  a 
mild  current  when  broken,  but  not  usually  when  the  current  is  running, 
nor  so  markedly  when  the  current  is  closed.  Certain  temperaments, 
lioirever,  experience  this  feeling  not  only  when  the  current  is  broken, 
but  also  when  it  is  running. 

2*  Apparent  fiiovenients.  These  are  produced  by  stronger  currents. 
Objects  when  the  curreut  is  running  appear  to  go  from  the  positive  to 
ihe  negative  pole  ;  when  the  current  is  broken  the  apparent  movement 
is  reversed 
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3.  Staggering.   This  is  produced  by  stronger  currents.     In  ira[Mre8» 

ible  temperaments  very  mild  currents  may  produce  it. 

Movements  of  the  Eyes, — Movements  of  the  eyeballs  have  also  been 
observed  by  Hitzig  duriug  the  second  and  third  stages  of  dizziness. 
When  a  strong  current  goes  transversely  through  the  head,  and  its 
direction  is  changed,  movements  of  the  eye,  resembling  nystagmus, 
appear.  There  is  a  jerk,  and  then  a  further  movement.  If  the  positive 
pole  be  in  the  right  mastoid,  and  the  negative  in  the  left,  both  eyes  are 
jerked  toward  the  left,  and  kept  there,  provided  the  current  be  suffi- 
ciently strong. 

There  are  anatomical  reasons  for  supposing  that  the  brain  can  be 
more  easily  affected  in  the  mastoid  and  occipital  regions  than  in  the 
anterior  portion.  A  large  vein  connects  the  transverse  sinus  with  the 
posterior  auricular  veins,  and  with  the  posterior  meningeal  artery  into 
the  skull  through  the  mastoid  foramen.  In  the  occipital  region  a  vein 
connects  the  transverse  sinus  with  the  vena  cervicalis  profunda  through 
the  posterior  condyloid  foraunen.* 


■  SPINAL    CORD. 

Rigid  cramps  of  all  the  muscles  of  the  trunk  and  extremities  follow 
electrization  of  the  spinal  cord  when  an  electrode  is  placed  at  either 
extremity  of  the  cord.  Cramps  of  the  same  character  are  also  pro- 
duced when  one  electrode  is  applied  to  the  anterior  and  the  other  to 
the  posterior  column,  either  at  their  upper  or  lower  extremities. 

If  the  spinal  cord  be  divided  at  about  its  centre  and  the  lower  half 
electrized,  only  the  muscles  of  the  lower  or  hinder  limbs  will  contract 
If  the  upper  half  be  electrized,  only  the  muscles  of  the  fore  limbs  will 
enter  into  contraction.     The  results  will  be  the  same,  whether  the  cat 
extremities  are  separated  or  brought  in  close  contact,  in  which  lattt*^ 
condition  no  impediment  is  offered  to   the  passage  of  the   current* 
The  above  researches  of  Weber  have  been  confirmed  by  Dr.  Beard'  ^ 
experiments  on  dogs  and  rabbits.     The  effects  are  produced  by  botl3 
currents. 

Inhibitory  Effects, — At  the  moment  of  closing  and  breaking  a  gal* 
vanic  current  its  action  upon  the  cord  is  manifest  by  the  contraction  of 
the  muscles  of  the  body  and  limbs ;  but  during  the  passage  of  the  cur* 

*  Quoted  from  Lnschka  and  AnatomU  des  Menschen^  vol.  iii,  2,  pi  I54t  I9 
Altham.     Third  edition,  p.  139. 
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rent  no  contmciions  are  observed^  and  a  paralyzing  efFecl  soon  takej 
place.  The  cord  remains  insensible  to  any  stimulus  that  may  be  aii 
plied  to  it  as  long  as  ihe  current  is  passing,  but  at  its  cessation  any 
loechanical  irritation  will  give  rise  to  the  usual  tetanic  convulsions. 
This  diminution  of  excitability  is  confined  alone  to  the  spinal  cord,  foi 
if  ihe  motor  nerves  and  muscles  are  traversed  by  an  induced  current 
(vrhile  the  cord  is  under  the  intiuence  of  the  galvanic)  they  contract 
vigorously.  The  galvanic  current  applied  through  the  spinal  cord  for  a 
long  time  produces  paralysis 

According  to  Mayer,  if  a  mild  faradic  current  be  applied  to  the  ccrvi. 
cal  region  of  Jrogs  that  are  in  an  irritable  condition)  movements  of  the 
lower  extremities  occur.  Electrization  of  the  posterior  columns  pro- 
duces  these  movements  easier  than  electrization  of  the  anterior  coU 
umns.  If  the  posterior  columns  are  removed  no  movements  occur.  If 
the  cord  is  divided  into  halves,  posteriorly  and  anteriorly  from  above 
nearly  down  to  the  origin  of  the  sciatic  nervc^  electrization  of  the  pos* 
tcrior  half  produces  movements,  but  electrization  of  the  anterior  does 
not  If  the  posterior  roots  on  the  trunk  of  the  brachial  nerve  are  elec- 
trized, the  movements  are  produced  just  as  when  the  cord  itself  is  elec- 
trized. Fick,  however,  declares  that  the  anterior  columns  respond  lo 
faradization. 

CiiiC'S final  Centre. — The  cervical  sympathetic  nerve,  which  animates 
the  radial  fibres  of  the  iris,  takes  its  rise  from  the  spinal  cord  between 
ihe  seventh  cervical  and  the  sixth  dorsal  vcrtebne. 

If  this  portion  of  the  cord  be  galvanized,  the  excitation  is  transmitted 
to  the  cervical  sympathetic  nerve,  and  thence  to  the  iris,  producing  dila- 
tation of  the  pupil.  This  point  has  been  termed  by  Budge  and  Waller 
the  cenirum  eilW'spinaU,  A  ganglion  near  the  fifth  lumbar  vertebra 
which,  on  being  electrized  in  animals,  produces  contractions  of  the  rec- 
tum and  bladder,  is  called  the  ganglion  geniio-spinale. 

The  first  of  these  points,  the  centrum  cilio  spinale,  can  be  demon- 
strated by  external  applications  both  of  the  galvanic  and  faradic  cur- 
rents, and  is  of  great  importance  in  general  faradization.  The  gaNglian 
gcnitO'Spinale  also  is  probably  directly,  though  not  so  deraonstraliy, 
affected  by  external  electrization  of  the  spine. 


CHAPTER  V 

ACnON    OF    ELECTRICITY   ON   THE   SYMPATHETIC  AND   PNEUMOGASTRIC 

In  order  to  intelligently  appreciate  the  experiments  that  have  been 
made  to  determine  the  action  of  electricity  on  the  sympathetic  and 
pneumogastric,  it  is  necessary  to  keep  constantly  before  the  mind  the 
following  considerations : 

1.  The  action  of  electricity  on  the  sympathetic  and  pneumogastric 
must  be  modified  by  the  kind  of  electricity  employed,  by  the  strength 
of  the  current  and  length  of  the  applications,  and  by  the  condition  and 
temperament  of  the  subject  in  which  the  experiment  is  made. 

To  say  that  galvanizing  the  sympathetic  produces  such  and  such 
effects  is  really  to  give  no  information  whatsoever,  for  at  once  the 
inquiring  soul  raises  the  questions,  How  strong  were  the  currents  used? 
How  long  were  the  applications?  Were  men  or  animals  subjected  to 
the  experiment  ?  Were  they  intact  or  injured  ?  If  animals,  what  kind, 
and  were  the  results  the  same  on  several  animals  of  the  same  kind  ? 

2.  These  nerves  can  be  affected  both  by  external  and  internal  appli- 
cations of  electricity. 

The  fact  that  external  electrization  affects  these  nerves,  which  has  by 
some  been  disputed,  is  fully  apparent  from  what  is  known  in  general 
of  the  electro-conductivity  of  the  body,  is  confirmed  by  special  experi- 
ments, and  is  demonstrated  by  observations  in  physiological  and  patho- 
logical cases.  This  is  true  not  only  of  the  cervical  sympathetic  ganglia^ 
but  of  all  the  ganglia  of  the  body.  Known  facts  in  regard  to  the  elec^ 
tro-conductivity  of  the  body  show  that  none  of  the  ganglia  of  th^ 
sympathetic  can  escape  the  electric  influence  when  the  current  b  ap — 
plied  over  the  surface  of  the  body. 

3.  The  effects  of  external  application  through  the  skin  on  these  nerved 
cannot  be  expected  to  be  identical  in  kind  and  degree  with  the  eflfect^ 
of  direct  application  to  the  nerves  themselves.     Although  the  cervical 
ganglia  of  the  sympathetic  and  the  pneumogastric  nerve  are  traversed  by 
the  currents  of  electricity  when  the  electrodes  are  placed  on  the  skin  in 
such  a  position  that  the  current  in  passing  from  one  to  the  other  finds  these 
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fierves  in  their  pathway,  yet  on  physical  or  physiological  principles  we 
cannot  expect  the  same  results  as  when  the  one  or  both  poles  are  di- 
rectly applied  to  the  nerves.  In  external  applications  it  is  the  derived 
currents  that  pass  through  the  nerves,  and  direct  polar  effect  is  not 
gained.  When  we  consider  that  the  currents  in  passing  froui  one  pole 
to  the  other  diffuse  themselves  into  numberless  unduiator}%  diverse  cur- 
rents, it  is  easy  to  see  that  only  a  small  part  of  the  electric  influence 
will  be  appreciated  by  such  small  nerves  as  the  sympathetic  ganglia  or 
the  pneumogastric.  In  the  body  between  the  electrodes  the  currents 
act  like  diffused  light  i  at  the  electrodes  the  currents  act  like  light  con 
centrated  to  a  focus.  If  currents  of  sufficient  power  could  be  borne 
externally,  it  is  possible  that  by  single  external  applications  there  could 
be  produced  al!  the  effects  that  are  obtained  by  direct  applications  to 
the  nerves  themselves ;  but  this  is  hardly  probable,  for  the  twofold  rea- 
son that  the  differential  polar  effect  could  not  be  obtained,  and  that 
the  great  stimulation  of  each  of  the  electrodes  on  the  surface  would 
oompUcate  the  experiment.  These  considerations,  as  it  seems  to  us, 
sufficiently  explain  what  to  many  has  been  regarded  as  a  great  diffi- 
culty— that  the  ordinary  therapeutical  measures  for  electrizing  the  sym- 
pathetic do  not  produce  the  same  effects  as  direct  applications  to  the 
ganglia. 

That  the  sympathetic  and  the  pneumogastric  are  traversed  by  the  cur- 
rent when  the  electrodes  are  placed  on  the  surface  of  the  neck,  is  suffi- 
ciently probable  from  the  known  laws  of  electric  conduction.  When 
one  electrode  is  placed  at  the  nape  of  the  neck,  and  the  other  at 
ihe  anterior  border  of  the  stern o-cleido -mastoid  muscle,  the  current, 
whether  iaradic  or  galvanic,  however  widely  it  may  radiate,  and  however 
numerous  the  branch-currents  may  be,  must  by  physical  necessity  trav- 
erse the  sympathetic  and  pneumogastric.  There  is  no  more  prob- 
ability that  it  will  go  out  of  its  way,  in  violation  of  physical  laws,  and 
avoid  these  nerves,  than  that  a  storm  sweeping  between  New  York  and 
Brooklyn  will  take  a  circuitous  march  and  avoid  the  East  River. 

These  nerves — the  sympathetic  and  pneumogastric — and  the  tissues 
by  which  they  are  surrounded,  are  good  conductors,  very  much  superior 
in  conductivit}^  to  the  skin,  and  of  almost  the  same  conductivity  as  the 
wiuscles ;  and  even  if  some  branch  or  derived  currents  pass  through 
other  tissues,  as  unquestionably  is  the  case,  these  nerves  cannot  be 
wholly  avoided,  and  wheti  the  electrodes  are  in  central  positions  th^y 
are  probably  the  highway  through  which  nearly  the  entire  charge 
passes. 

But  stronger  than  the  analogies  of  electro-physics,  and  more  con 
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vmcing  than  experiments  on  the  dead  subject,  are  the  observed  effccti 
of  electmation  of  the  neck  in  physiological  and  pathological  cases. 
These  effects,  which  will  be  detailed  furdier  on,  harmonize  so  closeijr 
with  all  our  knowledge  of  nervo-physiology,  and  accord  so  exactly  with 
pathological  observation,  as  to  demonstrate  beyond  doubt,  and  with  ac 
emphasis  by  which  those  who  observe  cannot  fail  to  be  impressed,  ihaf 
the  sympathetic  and  pneumogastric  can  be  affected  by  external  faradi 
nation  or  galvanization  of  the  neck. 

4.  It  is  difficult,  if  not  impossible,  to  afTect  the  cervical  sympathetic 
or  the  pncmnogastric  by  external  applications,  without  at  the  same  time 
aflfecting  the  depressor  nen*e,  the  spinal  cord,  or  the  brain,  and  espccialiy 
difficult  is  it  to  limit  the  action  to  the  pneumogastric  witliout  at  the 
same  time  affecting  the  sympathetic,  and  vic^  versa* 

This  conclusion  follows  as  a  logical  result  from  the  anatomical  rela- 
tion of  the  parts  and  from  what  is  known  of  the  electro-conductivity  of 
the  body,  and  is  pretty  distinctly  demonstrated  by  tlie  physiological  and 
therapeutical  action  of  the  current  when  externally  applied >  In  what- 
ever position  we  place  the  electrodes,  the  derived  currents,  in  passing 
from  one  electrode  to  the  other^  must  traverse  some  portion  of  both  of  the 
great  nerves.  The  base  of  the  brain  and  the  region  of  the  neck  constitute 
the  most  important  part  of  the  central  nervous  system.  So  far  as  life 
can  be  said  to  have  any  centre,  it  is  here,  w^here  the  pneumogastric,  the 
phrenic,  and  the  other  great  nerves  take  their  origin.  Directly  or  indi- 
rectly, by  the  actual  passage  of  the  current,  or  by  reflex  action,  any  pirt 
of  this  important  region  is  liable  to  be  affected  in  the  applications  €!»• 
ployed  in  the  so  called  galvanization  of  the  cemcal  sym[iathetic. 

It  is  partly  on  account  of  this  difficulty  of  limiting  the  action  of  the 
current  to  one  or  other  of  these  great  nerves  that  we  treated  them  both 
under  the  same  chapter.  When  operating  on  these  nerves,  exposed 
and  laid  bare  and  isolated,  the  action  of  the  current  can,  of  course,  be 
limited  pretty  exclusively  to  the  nerve  operated  on.  The  cervical 
ganglia  of  the  s>Tnpathetic  receive  the  chief  attention  in  all  these  ob- 
ser\'ations,  because  they  are  prominent  and  accessible  and  beax  a 
powerful  and  recognized  influence  over  the  cerebral  circulation  ;  bill 
all  the  ganglia  of  the  sympathetic  are  accessible  to  the  electrical  influ- 
ence. 

Action  of  Electricity  on  the  Cranial  Portion  of  the  Sympathetic. — In 
1727  M,  Fourfour  du  Petit  discovered  that  the  following  symptoms  re- 
Bulted  from  division  of  the  cer^-^ical  filaments  of  the  s^-m pathetic  ner/e, 
viz.  \  contraction  of  the  piipil^  redness  and  injection  of  the  conjunctiva, 
and  flattening  of  the  cornea  \  the  eyelids  approach  each  other,  the 
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nictitating  membrane  becoraes  more  prominent,  the  secretion  from  the 
mucous  surfaces  of  the  eye  is  increased,  and  the  eyeball  is  drawn  fur- 
thor  into  the  orbit.  In  addition  to  these  symptoms,  the  ears  and 
nostrils  al^o  become  red  and  injected,  and  the  head  latter  and  more 
sensitive. 

Claude  Bernard  observed  that  not  only  did  all  these  phenomena  dis- 
appear when  the  cranial  portion  of  the  nerve  was  submitted  to  electri- 
zation, but  that  quite  reverse  phenomena  appeared.  The  pupil  be- 
came larger  than  natural ;  the  conjunctiva,  the  ears,  and  the  nostrils  be- 
came quite  pale  ;  the  eyeball  protruded  from  its  orbit ;  the  mucous 
surfaces  became  drier,  and  the  head  cooler  and  less  sensitive ;  but  as 
soon  as  electrization  was  discontinued^  all  the  phenomena  caused  by 
the  section  of  the  nerve  again  appeared. 

Electrization  of  the  great  sympathetic  de/^re  it  is  divided  produces 
almost  precisely  the  same  results  as  after  division.  It  has  been  ob- 
sen'ed  by  Weber,  that  if  either  the  inferior  cervical  ganglia  of  the 
sympathetic  nerve  or  its  cardiac  branches  are  submitted  to  electrization, 
the  action  of  the  heart  is  accelerated. 

Afiion  of  EUctrtcity  on  the  Cephalic^  Thoracic^  and  Abdominal  Gan- 
gH4i^ — Section  of  the  sympathetic  causes,  as  we  have  seen,  increase  of 
heat  in  the  ear. 

Now  if  the  cephalic  end  of  the  divided  sympathetic  is  electrified^  the 
increased  temperature  of  the  part  is  lowered  ;  but  if  the  electric  current 
be  passed  through  the  large  diameter  of  the  ear,  the  temperature  is  further 
tttcreased.  On  the  other  hand,  if  there  has  been  no  division  of  the 
sympathetic,  and  the  ear  is  electrified,  the  heat  in  that  part  is  lessened. 

Valentin  found  that  the  galvanization  of  the  superior  thoracic  gan- 
glia revived  the  pulsation  of  the  heart  after  it  had  ceased,  and  increased 
the  frequency  of  the  beats  when  already  in  action.  Mild  galvanization 
of  the  splanchnic  nerves  that  arise  from  the  six  lower  dorsal  ganglia 
of  the  sympathetic  increases,  while  strong  galvanization  diminishes, 
the  peristaltic  action. 

Rfftci  of  direct  EUctrizaiion  of  the  Pneumo gastric  and  on  the  Mcspi- 
ration, — MM.  Arioing  and  Tripier  have  shown  that  section  of  the 
pncumogastric  below  the  medulla  oblongata  so  far  modifies  its  irrita* 
bility  that  the  action  of  the  heart  is  not  arrested,  or  but  for  a  short  time, 
by  the  faradization  of  the  distal  end  of  the  cut  pneumogastric. 

The  same  authors  believe  that  weak  faradic  currents  cause  a  slight 
increase  in  the  rapidity  of  the  beats  of  the  heart  and  elevation  of  the 
blood'pressure  in  the  arteries. 

They  found  that  the  right  pneumogastric  has  a  more  powerful  laAu 
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ence  over  the  heart  than  the  left*  Faradization  of  the  peripheral  end 
of  the  divided  pneumogastric  causes  arrest  of  the  action  of  the  heart 
sudden  irregularities  of  its  rhythm,  and  some  diminution  of  pressure. 
Faradization  of  the  central  end  causes  retarded  and  diminished  pres- 
sure. 

According  to  MM.  Arloing  and  Tripier,  faradiitatioo  of  the  iniaci 
pneumogastric  wlihfeebk  currents  does  not  accelerate  respiration;  fara- 
dization with  medium  currents  causes  sudden  inspiration  and  forced 
expiration  ;  faradization  with  strong  and  powerful  currents  causes  re* 
flex  coughing  and  vomiting.  The  sauie  observers  found  ihat  tlie  left 
pneumogastric  has  a  more  powerful  influence  over  respiration  than  the 
right. 

The  discovery  that  the  rigkt  pneumogastric  has  a  greater  power  over 
the  heart  than  the  left,  was  made  by  Masoin,  of  Belgium,  about  the  same 
time  as  it  was  made  by  Arloing  and  Tripier.  Masoin  found  the  move- 
ments of  the  heart  were  stopped  by  the  galvanization  of  the  left  pneumo- 
gastric. It  was  possible  to  restore  the  movements  by  a  mechanical  ex- 
citation, such  as  striking  the  heart  with  the  finger ;  but  after  the  move- 
ments were  stopped  by  galvanization  of  the  right  pneumogastric,  it  was 
not  possible  to  restore  them  in  that  way. 

Dr.  Brown-S^quard  *  states  that  he  has  found  the  sanic  differences  to 
exist  in  men  as  in  animals,  judging  from  experiments  made  not  by  electri- 
city, but  by  pressing  on  the  nerves  near  the  angle  of  the  jaw. 

Arrest  of  Respiration  h'  Galvanization  of  4 he  Laryngeal  and  other 
Branches  of  the  Pnaimogastric, — It  has  been  shown  by  Rrown-Sdquardf 
that  electrization  of  the  upper  or  the  lower  laryngeal  nerves  causes 
arrest  of  the  respiration,  and  Bidder  has  shown  that  a  reflex  spasm  of 
the  glottis  may  be  caused  in  the  same  way.  Electrization  of  the 
oesophagus  and  pharynx  may  sometimes  produce  the  same  effect  If 
the  upper  laryngeal  nerve  is  electrized  after  the  chest  is  opened,  the 
arrest  of  the  respiration  does  not  take  place  as  easily  as  when  the 
chest  is  not  open.  The  respiration^  when  thus  arrested,  usually  re^ 
turns  in  the  course  of  a  quarter  or  half  a  minnte^  whether  the  electriza- 
tion is  continued  or  not- 

The  effect  of  electrizing  the  pnenmogastric  on  the  respiration  13 
modified  by  two  factors — the  portion  of  the  nerve  that  is  electrized 
and  the  strength  of  the  current  Mild  galvanization  of  the  pneumogas- 
tric in  the  lower  part  of  the  neck  may  increase  the  respiratory  move- 

♦  Arekktis  of  Scitniifie  and  Practical  Medicine    January,  1873,  P-  9^- 
f  Loc.  cit,  p.  96, 
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tnents  ;  weak  declrization  in  the  upper  part  of  the  nerk,  near  the  origin 
of  the  nerve,  may  arrest  respiration, 

A  mild  current  may  increase  the  respiration  or  diminish  it,  or  it  may 
have  no  effect  whatever. 

A  medium  current  may  arrest  respiration  and  cause  spasm  of  the 
glottis  and  of  the  muscles  of  inspiration, 

A  powerful  current  may  paralyze  the  diaphragm,  and  may  produce 
death  without  the  accompanying  symptoms  of  agony.* 

Caughing. — A  prominent  effect  of  electrizing  the  pneiimogastric  is 
ecughing.  This  symptom  may  be  excited  by  external  as  well  as  b> 
intemaL  applications,  and  by  the  faxadic  as  well  as  by  the  galvanic 
curren 

We  made  our  first  experiments  in  this  direction  in  1867.  Dr.  Rock- 
well then  observed  that  the  application  of  either  pole  of  a  strong  faradic 
current  to  the  nape  of  the  neck — the  other  pole  being  at  the  feet,  or  in 
cither  hand,  or  at  the  pit  of  the  stomach — excited  in  sensitive  patients 
quite  severe  attacks  o(  coughing,  that  lasted  so  long  as  the  pole  remained 
in  position.  Most  clearly  this  effect  was  seen  in  thin  and  sensitive  pa- 
tients. It  was  not  necessary  to  be  particular  in  regard  to  the  position 
of  the  pole  on  the  neck  in  order  to  excite  this  symptom  ;  not  only  in  the 
dlio-spinal  centre,  but  even  when  the  pole  is  as  low  down  as  the 
first  and  second  dorsal  vertebras,  the  laryngeal  branches  of  the  pneu- 
mogastric  may  be  so  irritated  as  to  induce  coughing. 

This  phenomenon  we  daily  observed  in  the  operation  of  general 
faradization.  The  same  effect  follows  the  use  of  strong  interrupted  gal- 
vanic currents. 

According  to  Bonders,  the  pneuraogastric,  when  acted  upon  by  the 
galvanic  current,  conforms  to  Pfliiger's  law  of  contraction ;  in  the 
region  of  anelectrotonos  its  irritability  is  lessened  \  in  the  region  of 
catelcctrolonos  its  irritability  is  sometimes  increased 

Action  of  External  Applications  of  Electricity  on  the  Pneumogastric 
and  Cervical  Sympathetic  of  living  uninjured  Men. — The  experiments 
above  recorded  were  made  chiefly  on  the  exposed  nerves  of  animals,  and 
the  applications  were  made  directly  to  the  nen-^es  by  one  or  both  poles. 
Keeping  in  mind  the  considerations  previously  adduced,  we  proceed  to 
examine  into  the  effect  of  external  applications  of  electricity  on  the 
cervical  s)Tnpathetic  and  the  pneumogastric  of  living  men  in  health. 

In  our  attempts  to  solve  the  problem,  we  have  experimented  on  a 

•  Arekivn  of  Sdtntifit  and  Practicrl  Medicine^  No,  I,  1S73,  p^  96.  Whethci 
CbcK  experiments  were  performed  with  the  faradic  or  gmlvwic  current  is  cot  di» 
Ooctlj  ftJited. 
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large  vanety  of  individuals  of  diflTerent  ages  and  by  different  raetbods  of 
application.  One  of  the  electrodes  is  placed  in  the  mastoid  fossa,  aii<3 
the  other  over  the  seventh  cervical  vertebra,  or  at  the  top  of  the  clavicle. 
Both  directions  of  the  ctirrent  are  used.  We  used  in  these  experiments 
a  zinc  carbon,  or  the  Sme^s  battery,  of  from  5  to  30  cells,  from  i  to  5 
or  10  minutes. 

The  general  results  of  our  researches  may  be  thus  summed  up  : 

1.  A  slight  feeling  of  dronmness.  This  sometimes  began  to  be  per- 
ceptible shortly  after  the  electrodes  were  applied,  increased  up  to  a 
certain  point,  and  continued  for  some  little  time  after  the  stance  was 
over.  In  many  cases  it  is  not  observed  until  the  lapse  of  fwe  or  ten 
minutes  after  the  stance.  The  feeling,  which  was  by  no  means  con- 
stant, was  usually  so  slight  that  it  might  not  have  been  observed,  had 
we  not  in  our  experiments  kept  closely  on  the  watch  for  every  sensa* 
tion  experienced  during  or  just  after  the  appUcaiion. 

Some  individuals  are  amazingly  susceptible  to  this  soporific  effect  of 
galvanization  of  tfie  neck.  A  yoimg  lady  whom  we  were  treating  for 
facial  acne  by  central  galvanization,  was  frequently  put  right  to  sleep 
within  one  minute  after  the  application  began.  Her  eyes  would  close 
and  her  head  would  droop  and  nod  ;  and  when  the  electrodes  were 
removed  she  would  awake  but  slowly,  and  with  a  vacant  look  and 
drowsy  feeling,  such  as  we  all  experience  when  we  are  suddenly  roused 
from  a  nap.  This  effect  followed  any  sort  of  application  aroimd  the 
neck  with  either  pole  and  in  any  direction. 

On  the  accepted  theory  that  a  state  of  cerebral  anaemia  predisposes 
to  sleep,  we  should  reason,  d  priori^  that  electrization  of  the  sympa- 
thetic ought  to  induce  a  feeling  of  drowsiness,  since  on  some  Individ- 
uals  it  unquestionably  diminishes  the  current  of  blood  in  the  brain,  and 
experimentally  we  have  found  that  it  does  thus  induce  a  slight  and 
temporary  disposition  to  sleep,  although  this  result  is  probably  far  less 
larked  than  it  would  be  if,  without  injury  to  the  living  subject,  the 
application  could  be  made  directly  to  the  ganglia,  and  this  effect  is  by 
no  means  uniform,  but  varies  with  the  strength  of  the  currents  and 
with  the  temperament  of  the  individual. 

2.  A  feeling  of  warmth  through  the  system  with  sensible  perspiration 
This  was  not  a  constant  symptom,  though  it  was  oftentimes  veiy 
decided.  To  produce  sensible  perspiration  usually  requires  a  strong 
current  and  a  long  application.  The  extent  to  which  this  was  felt  was 
manifestly  dependent  on  the  strength  of  the  current  and  the  length  of 
the  application.  It  was  usually  felt  but  a  short  time  after  the  si&mt 
WIS  completed.     We  have  observed  this  effect  more  frequently  and 
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more  markedly  in  tlie  suscejjtible  and  nervous  than  in  the  cold  and 
phlegmatic,  and  most  frequently  in  more  or  less  pathological  cases. 

3.  A  marked  effect  en  ike  pulse.  The  pulse  was  sometimes  accele- 
rmtcdr  but  more  frequently  lowered,  two,  three,  four,  or  more  beats, 

lo  order  to  determine  the  effects  of  electrization  of  the  sympathetic 
on  the  pulse,  we  made  the  examinations  imntediateJy  before  and  imme- 
diately after  the  applications*  Every  prec:mtion  was  taken  to  avoid 
eiTor,  by  alloiring  an  interval  of  rest  before  the  sitting,  in  order  to  give 
time  for  the  subsidence  of  the  pulse  to  its  natural  condition  from  any 
excitement  that  it  may  have  received  from  the  exertion  of  walking  or 
the  labor  of  partially  disrobing.  In  cases  of  doubt  the  whole  minute 
was  counted,  in  some  instances  several  times  in  succession.  A  patient 
umccustoraed  to  the  sensation  produced  by  the  electric  current,  or  to 
^h/t  ifwdus  operandi  of  its  employment,  might  experience  an  accelera- 
tion of  the  pulse  from  simple  mental  excitement,  not  only  prior  to  or 
at  the  commencement  of  die  sitting,  but  also  during  or  after  the  appli- 
cation.  Error  from  this  cause  was  in  our  cases  manifestly  impossible, 
and  all  the  others  on  whom  we  experimented  with  a  view  to  obtain 
physiological  results  were  so  well  familiarized  to  the  medical  employ 
mcnt  of  electricity  that  they  would  receive  any  treatment  proposed 
with  cool  indifference.  In  order  still  further  to  guard  against  error,  and 
at  the  same  time  to  observe  the  continuance  or  permanency  of  the 
effect  of  the  experiments,  we  repeated,  in  some  instances,  our  exami- 
nations of  the  pulse  at  intervals  of  fifteen  minutes  or  half  an  hour  after 
the  silting  was  over. 

A  corroborative  evidence  that  these  changes  in  the  pulse  were  due 
to  the  action  of  the  current,  and  not  to  mental  excitement,  is  found  in 
the  fact  that,  after  an  inten*al  of  five,  ten,  or  fifteen  minutes,  the  pulse 
returned  to  its  original  condition. 

These  changes  in  the  time  of  the  pulse  were  also  accompanied  by 
perceptible  changes  in  its  character,  which,  if  careful  sphygmographic 
obsen^ations  had  been  made,  might  perhaps  have  been  reduced  to  some 
gciKral  law. 

Eolenburg  and  Schmidt  found  that  when  the  positive  pole  of 
from  twenty  to  forty  of  Daniell's  elements  w^as  placed  at  the  manu* 
^rum  sterrtu  and  the  negative  pole  in  the  an riculo- maxillary  fossa, 
the  pupil  of  that  side  was  at  first  slightly  dilated  and  afterwards  con- 
tracted. These  changes  in  the  pupil  are  by  no  means  uniform  in  their 
appearance.  In  some  cases  they  appear  at  once  after  closing  the 
circuit,  and  in  others  after  the  lapse  of  half  a  minute  or  minute, 
%rd  in  others  after   interruptions.     These   phenomena  are   liable   tc 
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niaiiy  vanations,  according  to  the  strength,  length,  and  locality  of  the 
appHcations,  If  an  electrode  is  placed  in  the  auricnlo-maxillary  fossa 
of  each  side,  the  changes  in  the  pupil  occur  on  both  sides,  but  are  more 
marked  on  the  side  on  which  is  tlie  negative  pole.  The  sanie  applica- 
tion, continued  for  some  time  with  a  strong  current,  reduced  the  norma] 
pulse  from  4  to  16  beats  a  minute  and  the  pathological  pulse  even 
more,  dLraimshed  the  tension  in  the  carotid  and  vertebral  arteries,  and 
markedly  altered  their  sphygmographic  tracings.  The  same  observers 
found  that  galvanization  of  the  spine  also  diminished  the  beats  of  the 
pulse. 

Sjfed  of  External  EUctrhation  through  the  neck  an  the  Retinal 
Circulation. — In  order  to  determine  the  effect  of  external  applica- 
tions of  electricity  through  the  neck  on  the  retinal  circulation,  we  have 
made  many  experiments  with  the  aid  of  a  number  of  leading  ophthal- 
mologists* 

Thess  experiments,  which  have  been  frequently  repeated  with  dif- 
ferent individuals,  with  different  strengths  of  current,  and  with  different 
batteries,  seem  to  us  to  demonstrate  the  following  propositions  ;  * 

1.  Galvaniiing  or  faradizing  the  region  of  the  cervical  sympathetic 
has  a  marked  temporary  influence  over  the  retinal  circulation.  It  may 
cause  contraction  of  the  arteries  or  dilatation  of  the  veins. 

2*  The  faradic  current  produces  precisely  the  same  effects  on  the 
retinal  circulation  as  the  galvanic,  only  more  slowly.  The  physiological 
difference  between  the  currents  in  this  respect  is  therefore  a  difference 
of  degree  and  not  of  kind. 

3.  Mild  currents  and  short  applications  caused  contraction  of  the 
blood-vessel  of  the  retina,  while  strong  currents  and  long  applications 
caused  dilatation.  Much  seemed  to  depend  <^n  the  temperament  and 
condition  of  the  individual.  What  would  cause  contraction  in  one 
would  in  the  other  cause  dilatation.]  These  varying  effects  correspond 
with  clinical  experience. 

4*  When  the  patient  on  whom  the  exi^eriment  is  made  is  in  an 
excited  or  irritable  condition  from  any  cause,  or  from  previous  electri- 
zation, even  a  mild  current  will  sometimes  cause  dilatation  at  once, 
without  any  early  contraction. 


,  •  The  ophthalmologist*  who  observed  the  retlim  in  these  experiments  were  Dhl 
Roosa,  Hackley,  Loring,  Matthewson,  Prout,  and  Newton^  to  all  of  whom  we  desire 
to  return  our  acknowledgments. 

f  The  opposite  and  contradictory  results  obtained  by  different  cbservcri  who  htv€ 
studied  the  effects  of  chloral^  bromide  of  potassium,  etc.,  on  the  retinal  drcutatioiv 
may  be  similarly  explained. 
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5*  The  contraction  which  takes  place  is  sometimes  followed,  a  few 
utinutes  aftet  the  close  of  the  siance^  by  dilatation  which  is  greater  thar 
nsnnaL  t 

6.  The  Qiiauuon  which  takes  place  is  sometimes  followed  by  con 
traction  after  the  close  of  the  stasice. 

In  some  of  the  experiments  no  effect  on  the  retina  could  be  detected 
Impressible  and  nervous  temperaments  seem  to  exliibit  changes  in  tb^ 
liar  condition  of  the  retina  much  more  readily  than  cold  and  phlef 
i.tic  temperaments. 

The  question  now  arises,  Whether  these  changes  in  the  retinal  circu 
ion  were  due  to  the  effect  of  tlie  current  on  the  sympathetic  or  on 
'  the  pneumogastriCf  or  did  they  take  place  through  the  spinal  cord  or 
by  reflex  action  ? 

This  question  is  answered  by  comparing  the  results  of  these  experi- 
ments with  the  result  of  experiments  made  by  Duchenne  and  Prof. 
Ldgeois,  of  Paris.    These  gentlemen  laid  bare  the  cervical  sympathetic 
in  a  rabbit,  and  electrized  it  witii  both  currents  in  the  same  manner 
that  we  electrized  the  necks  of  the  individuals  on  whom  we  experimented 
The  results  on  the  circulation  in  the  rabbit*s  ear  were  in  every  distinc- 
tive  feature  identical  witli  the  results  on  the  retina  when  the  galvanic 
^zurrent  was  passed  through  the  neck  of  the  living  human  subject. 

The  other  effects  of  galvanizing  the  region  of  the  cervical  sympathetic 
—disposition  to  sleep,  sweating,  increased  circulation  in  the  extremities, 
^tc — seem  to  confirm  these  physiological  observations* 

These  experiments  have  been  partially  coniirmed  by  Otiimos,  who 
lias  shown  that  the  circulation  of  the  retina  may  be  influenced  by 
galvanization  of  the  cervical  sympathetic*  He  observed  hyperscmia, 
but  this,  as  we  have  shown,  is  not  a  constant  effect. 

Experiments  with  the  Sphygmo graph. — We  have  made  experiments 
with  the  sphygmograph,  wMth  the  assistance  of  Dr.  L,  De  Forest  Wood- 
ruff, 

For  assistance  in  the  study  of  sphygmography  we  are  under  obligationi 
to  Dr.  Roger  S,  Tracy.  A  few  samples  of  the  observations  are  repre- 
lented  in  the  cuts. 
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No.  |. — AJlo-  tea  miautca'  galvaniza^iioD  of  ttur  •yzopatbctic. 


Kot  4ii«>^tve  muiitiittt  after  £h«  dote  of  tbe  »£uioe  of  ^vaiunibaa  of  cbe  ffymfflllmfab 


No.  s-^AlKf  five  miimtci*  EumdUfctioa  of  tympftiliccic 


No«  fik— AitET  oioe  mbutOk'  EaradizsicuiHi  of  syiiipaitheti& 


/^-Mv^VA-^jN^rw 


No.  7.— Al:   ;  :,, 


'  firadizition  of  iympAibedCk 


Noi.  S«— nAfccr  fifteeo  zniaules'  geoerail  Cu«diza.tioii. 


Mot  9k'— Ftvc  mimitCT  after  dove  of  Ufmot  of  geocral  faLnLdiiikliD& 

From  these  experijiients  we  derive  ihe  following  conclusions : 

1.  Both    currents— faradic   and  galvanic — when  applied  in   su<?^^ 
way  as  to  traverse  the  region  of  the  neck  in  which  the  pneumoga^  -    ' 
and  cervical  ganglia  of  the  sympathetic  are  situated,  markedly  %0^^^ 
the  pulse* 

2.  The  effect  is  chiefly  shown  in  abruptness  of  the  systole,  and 
abruptness  of  the  diastole,  and  in  shortening  of  the  interval  betwe^' 
the  cardiac  impulse  and  the  arterial  impulse.     In  general  it  may  ^^ 
said  that   the   force  of   the  pulse  is  increased.      Its   rapidity  may  b^^ 
either  increased  or  diminished,  according  to  the  length  of  the  applt-^ 
cation  and  the  strength  of  the  current,    and  analogy  would   lead  us 
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■msi  widelf  ray  mil  the  iodhridaaL     The 
IMPobiblj  from  tike  eSect  oa  tbe  vascMnotor 


3.  The* 


:  of  geocnl  ^nufiiatioii  was  to  |ifoloii§  libe  Sf^tole  i 


U'^  iseoral  betvcen  the  ciirliir  ud  the  artonl  impohe.    The  afani|iC* 


,  ttddic  ^rstole  tikat 
■gh  die  Qeckv  was 


omked 


after  fandixatkn 


t  obsefved  after  goicnl  liiadiiatioiL  A  calm* 
IS  refj  freqacntlj  prodooed  bf  general  biadt* 
^  aad  the  dfect  00  the  |»iilse  hannmues  with  this  ofasenratioB. 
<#-   ThBe  efiects  00  ^e  pabe  giadnaltj  pass  away,  but  are  di^bctljr 
^'^^'^■nbk  for  a  aunAer  of  minmies  altef  the  ekctn^des  are  idBOved 

*Ilie  efect  of  the  awmit  thus  aiiplied  on  the  cirailaikMi  b  profaablf 
A  oa«|j|ex  lesoltant  of  the  cfiect  of  the  elednctfy  00  the  paeamogis* 
^1^  tike  ^miAthetic,  the  depressor,  aad  the  ^liiial  coni  To  difierexi- 
^^^  fbeat  effect  b  nuniiesllj  hupossible. 

^  ^<>  lUs  cooaectioii  are  id  be  noted  the  later  inrestigalioQS  of  Dn 

^^^^^^  of  Umikh^ock  the  cflecis  of  dectruadon  of  die  sjmpallietk. 

^  ^scpenneiited  oo  horses  and  cats,  iiritadi^  the  nenre  dir^Mj,  widi 

^^  ^^idM  oiifed  of  stuilyiag  the  blood-tensMMi  in  the  cerebral  ressA 

^  *c  dMagei  to  the  sue  of  die  popiL    The  general  resolts  of  these 

^^^'"ts  coaifinn  ohsenraiioiis  prevkmslj  made,  and  e^peGsaHj  our  stale- 

^'^  as  to  die  imposabifi^  of  accnratdf  iocaltiPig  cnirents  m  waj 

^****li%  h^  niple  eatefnsl  applications.    Ihract  ^ladUatioii  of  the 

^^P^thcdc  iocf  cased  the  blood-pressure  aiKl  tension  of  the  artenr,  and 

"*^^*^^5^sed  the  freqnenqr  of  die  pake.     The  same  phenomena  were  ob- 


«^ 


^d  under  galFaatatioo,  but  in  a  less  de^gree.     Faradbalioci  of  the 
J*^^!^^  sjinpathetic  caused  rttf  marked  reictioas  in  the  pnpc),  whde 


t.  ^'^^^uxatioo  of  die  nerve  produced  oomparattYeljr  little  eflect.  When, 
jjj^^^"%ei^  the  syrapathcttc  and  vagus  were  nnltaneooslf  sabmitted  to 
^rfj»«fc«>ce  of  g^nnism  Ae  rcnctioos  of  the  popik  were  very 
!jr^*^^d      Somltaaeotts  fuadizatioB,  however,  was  followed  bf  no 


Ko.  4. 


CHAPTER  VL 


ACTTOK  OF  ELECTRICITY   ON    THE   NERVES   OP  SPECIAL  SENSE. 


Action  of  the  Galvanic  Current  on  the  Optic  Nerve. — ^The  galvanic 
currentj  when  applied  to  the  eye,  causes  hQ\}i\.  flashes  of  light  and  per- 
ception  of  color. 

If  one  electrode  is  placed  on  the  tongue,  or  on  any  part  of  the 
mucous  surface  of  the  mouth  or  nose,  and  the  other  on  any  part  of 
the  surface  of  the  body,  the  flash  is  readily  perceived 

The  character  of  these  flashes  is  variously  modified  by  the  strength 
of  the  current  and  the  suddenness  of  the  interruption.  The  tempera- 
ment  of  the  patient  also  modifies  the  reaction,  and  tlie  effect  of  the  two 
poles  is  usually  quite  different. 

We  have  studied  this  subject  with  various  strengths  of  current,  and  on 
subjects  of  both  sexes  differing  widely  in  age  and  temperament 

In  one  subject — a  young  man  of  nervous  temperamei^t — the  positive 
pole  placed  over  the  eye,  with  a  medium  current  from  ten  zinc-carbon 
cells,  caused  a  white  central  spot,  with  a  light  areola-  The  white 
central  spot  varied  in  shape  between  that  of  a  quarter  or  half  to  a  full 
moon.  When  the  negative  pole  was  placed  over  die  eye,  the  central 
spot  appeared  of  a  bluish  or  purplish  color,  and  the  areola  was  the  same 
as  under  the  positive  pole.  In  both  cases  the  areola  seemed  to  consist 
of  waves  of  light  radiating  from  the  centre  toward  the  periphery. 

In  making  these  experiments,  the  pole  that  is  placed  over  the  eye  is 
armed  with  a  soft  sponge,  and  is  pressed  firmly  on  the  closed  lid^  while 
the  other  is  applied  at  die  back  of  the  neck,  or  is  held  in  the  hand  of 
the  subject 

In  another  subject,  a  young  physician  of  good  health,  and  nervo- 
sanguine  temperament,  the  positive  pole  from  a  current  of  six  cells  caused 
a  central  disk  of  a  pink  color,  and  from  this  spot  violet  waves  radiated 
through  the  areola*  The  pink  disk  appeared  when  the  current  was 
closed,  the  violet  areola  flashed  out  when  the  current  was  broken.  The 
negative  pole  produced  reactions  every  way  similai.  This  subject 
could  not  bear  very  strong  currents. 
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Several  other  physicians  on  whom  we  experimented  could  Bot  did 
tingiiish  any  central  disk,  but  all  could  readily  see  the  light  areola. 

The  conclusions  from  the  above,  and  numerous  similar  experiments 
maile  in  different  individuals,  are  as  follows  : 

I.  A  mild  as  well  as  a  strong  galvanic  current  applied  to  the  eye,  and 
interrupted,  causes  a  flash  or  glimmer  of  light  to  appear. 

3.  A  medium  or  strong  galvanic  current  causes^  m  addition  to  the 
Hash  of  light,  a  distinct  central  spot  of  varying  shape,  and  both  the 
central  spot  and  the  areola  may  be  of  various  colors^  as  pink,  pur[>le, 
yellowish,  and  violet 

3.  With  some  individuals,  though  not  with  all,  the  colors  of  the  centra! 
spot  and  of  the  areola,  and  their  relative  arrangement,  appear  dif- 
ferently  under  the  two  poles,  and  also  differently  at  the  closing  and 
oi>ening  of  the  circuit* 

4*  All  those  reactions,  like  all  other  electro -physiological  reactions, 
are  variously  modified  by  the  temperament  of  the  individual  operated  on 
and  by  the  strength  of  the  current. 

The  above  conclusions,  as  will  be  seen,  differ  somewhat  from  those 
of  Helmholtz  and  others  who  have  studied  this  subject.  The  differ- 
ential action  of  the  ascending  and  descending  currents  we  have  not 
been  able  to  demonstrate,  and  see  no  way  of  demonstrating.  We  be- 
lieve that  here,  as  in  so  many  other  electro  physiological  and  electro- 
therapeutical  procedures,  the  differential  polar  action  has  been  con- 
founded with  the  differential  action  of  the  ascending  and  descending 
currents. 

Although  the  above  reactions  in  their  full  degree  can  be  most  con- 
veniently obtained  by  placing  one  electrode  over  the  closed  eye,  and 
the  other  in  the  band  or  at  the  back  of  the  neck,  yet  the  general  re- 
action of  the  glimmering  flash  of  light  can  be  obtained  by  placing  one 
electrode  in  the  vicinity  of  the  eye,  or  on  any  part  of  the  face  or  beard, 
or  in  the  mouth.  In  susceptible  persons  the  flash  comes  from  inter- 
rupted galvanization  of  the  neck  or  spine. 

Faradlc  Current.— T\%t  current  from  the  primary  or  secondary  coil 
of  the  ordinary  faradic  machines  has  little  or  no  perceptible  effect  on 
the  retina,  as  we  have  demonstrated  by  various  experiments.  We 
have  found,  however,  by  repeated  observations,  that  the  current  from 
tlie  long  coils  of  the  electro- magnetic  machine  manufactured  by  Kidder 
has  a  most  decided  action  on  the  retina.  The  peculiar  construction  of 
the  coil  of  this  machine  will  be  described  in  the  chapter  devoted  to 
apparatus  for  electro-therapeutics.  It  is  sufficient  here  to  say  that  it  is 
composed  of  three  or  four  or  more  coils  of  insulated  copper- wire,  the 
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inward  coil  being  short  and  thick,  and  tlie  others  gradiuUy  increasing 
in  the  length  of  the  wires.  These  coils  are  not  separate  and  distinct,  as 
in  ordinary  machines,  but  connected,  and  are,  so  to  speak,  ta/>/>edal  the 
points  of  union,  so  as  to  obtain  a  number  of  currents  varying  in 
quantity,  tension,  and  physiological  power.  It  is  from  the  fourth  and 
fifth  coils,  which  are  not  furnished  to  the  majority  of  his  smaller  machines, 
that  we  obtain  the  reaction  of  the  retina  that  we  are  now  to  describe. 
The  reaction  is  best  obtained  by  placing  a  mediitm-sized  sponge 
electrode,  well  moistened,  over  the  closed  eye,  or  very  near  to  the  eye, 
while  the  other  electrode  is  held  in  the  hand  or  apphed  to  some 
indifferent  point,  as  the  back  of  the  neck,  or  arms,  or  feet.  With  a 
current  of  moderate  strength  thus  apphed,  a  circle  filled  with  wavy, 
undulating  light,  or  whitish  spots  or  figures,  appears.  It  is  difficult  to 
convey  in  language  a  |>rc€ise  description  of  this  appearance.  If  snow- 
flakes  could  be  elongated  somewhat,  and  made  lo  coil  about  in  various 
directions,  they  would  give  a  good  idea  of  this  reaction.  If  we  look 
throtigh  a  window  at  a  thick,  driving  snow-storm,  with  large  flakes,  we 
can  get  a  not  very  incorrect  notion  of  the  reacticn,  as  we  have  over 
and  over  again  demonstrated  on  ourselves  and  others.  So  far  as  we 
have  been  able  to  see,  bright  or  variegated  colors  do  not  appear,  except 
from  the  current  of  ih^  fifth  coiU  The  negative  pole  gives  a  stronger 
reaction  than  the  positive  ;  but  not  appreciably  different  in  character. 
This  reaction  of  the  fourth  coil  of  this  machine  is  ntterly  unlike  that 
w^hich  is  obtained  from  either  pole  of  the  galvanic  current.  This  effect 
has  long  been  shown  by  the  inventor  of  this  machine,  and  has  been 
illustrated  by  him.  We  were  induced  to  question  his  assertions  until 
we  had  first  made  experiments  of  our  own  with  the  different  coils  af 
the  machine. 

The  Effect  of  Eiectrkai  Irr'ttaiion  compared  tinth  Mechanical  Irrita- 
tion of  the  Eye,— \t  is  interesting  to  compare  the  reaction  produced 
by  the  galvanic  and  faradic  currents  on  the  retina  to  the  effects  of 
mechanical  irritation.  We  have  found  by  ex[>criment  on  ourselves 
that  rubbing  the  eyes  when  closed,  or  partially  closed,  causes  various 
and  oftentimes  beautiful  appearances.  Very  frequently  a  central  spot 
will  appear,  varying  in  shape  and  color,  and  changing  in  shape  and 
color  during  the  irritation.  All  conceivable  shapes,  and  every  grade 
of  color,  we  have  seen  in  this  way  over  and  over  repeated  ;  sometimes 
a  mere  circle  of  light  shading  off  into  darkness,  and  again  a  definite  and 
well-formed  object,  brilliant  in  color  standing  forth  clear  and  beautiful 
against  the  dark  background.  Forms  resembling  a  bouquet  of  flowers, 
or  a  cluster  of  stars,  or  vanous  shapes  of  crystals,  appear  with  sucl* 
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vividness  tKal  wc  love  to  prolong  the  experiment.  Srmp  e  pressure  on 
Ihc  side  of  the  eyeball  will  cause  reactions  somewhat  similar  in  kind 
(though  less  in  degree)  to  those  produced  by  the  faradic  ctuTent. 

These  reactions,  however,  are  not  constant ;  they  vary  greatly  with 
the  individual,  and  with  the  same  individual  at  different  times.  In 
order  to  obtain  the  most  beautiful  appearances^  it  is  necessary  to  first 
look  for  a  moment  on  bright  light,  or  to  have  the  eyes  open  in  the  full 
sunlight.  It  would  seem  that  the  retina  must  first  become  sensitive, 
by  exposure  to  strong  light,  before  the  reactions  can  appear  in  their  full 
extent. 

Action  &f  EUctrkUy  on  the  Auditory  Nerve ;  Action  cf  the  Faradic 
Current.— The  faradic  current^  when  applied  to  the  ear,  or  in  the 
vicinity  of  the  ear,  causes  a  ringing,  or  humming,  or  rumbling  sound, 
according  to  the  method  of  application  and  the  strength  of  the  current. 
These   sounds  are  due,  in  part,  to  the  susurri  of  the  muscles* 

Action  of  the  Galvanic  Current, — To  the  galvanic  current  the  audi- 
tory reacts  by  certain  fixed  laws. 

This  normal  formula  is  as  follows  : 

Ka  S  Kl,  distinct  accented  sound 

Ka  D  Kl  > ,  sound  disappearing  by  degrees. 

jCa  O  — ,  no  sensation  of  sound. 

An  S  -. 

An  D  «, 

An  O  Kl»  weak  and  short  sound,  similar  in  character  to  Ka  S* 

In  the  above  formula,  Ka  =  Kathode  (negative  pole).  An  =  Anode 
(positive  pole),  S  —  closing  (schliesnng),  O  =  opening  {oeffnung),  D 
-=.  duration  of  current 

pf  =  whistling  sound. 

Kl  =  ringing        " 

Z  =  hissing  " 

The  sensations  with  Ka  S  appear  sooner  and  stronger  than  with 
An  O. 

This  formula,  it  will  be  observed,  harmonizes  with  the  law  of  elec- 
trotonos  (see  p.  1 1 1 ),  and  Pfluger's  contraction  law — that  **a  nerve  is 
stimulated  hy  the  appearance  of  catelectrotonos  and  the  disappearance  of 
anelectrotonos  ;  not,  however^  by  the  disappearance  of  catelectrotonos  and 
th€  appearance  of  anelectrotonos.     {See  p.  1 16), 

Although  the  character  of  sounds  varies  with  the  strength  and  contiu' 
uance  of  the  current  and  with  the  individual,  yet  in  the  healthy  ear  the 
polar  effects  never  vary. 
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There  is  never  any  sensation  of  sound  with  the  closing  of  the  anodi 
(An  S),  ex(  2pt.in  pathological  conditions. 

The  polar  effect  is  therefore  the  leading  effect,  and  the  direction  of 
the  current  through  the  auditory  nerve  appears  to  have  no  demonstra* 
ble  influence. 

The  use  of  the  rheostat  and  the  changes  in  the  reactions  that  are 
made  by  interposing  the  various  grades  of  resistances  in  the  circuit  arc 
represented  in  the  following  experiments  of  Brenner :  * 

The  experiment  was  performed  on  a  healthy  ear  that  had  been  cored 
a  short  time  before  of  a  catarrh  of  the  middle  ear.  The  number  of 
elements  is  in  Roman,  the  number  of  resistances  in  Arabic. 


XX  10-80  gave  no  reaction. 
XX  90-120  KaS — Buzzing  of  flies 
very  short 

KaD 

KaO 

AnS  

AnD 

AnO  

XX  130-170  Ka  S — Stronger  buzz- 
ing. 
Ka  D — Same. 

KaO 

AnS  

AnD 

AnO 

XX  180-250  Ka  S — Distant   rum- 
bling of  wag- 
ons. 
Ka  D — Same. 

KaO  

AnS  

AnD 

An  O — B  u  z  z  1  n  g  of 
flies. 


XX  260-400  Ka  S — Rumbling   di 
cannon. 

Ka  D— Same  > 

KaO 

AnS  

AnD 

An  O — Rumbling  d 
wagons. 
XX  410-550  Ka  S — Strikingof me- 
tallic plate. 

Ka  D— Same  > 

KaO 

AnS  

An  D 

An  O — Rumbling. 
XX  560-     Ka  S — Sharp  ringli^*^ 
a  silver  ta^^* 
bell. 

Ka  D— Same  > 

KaO 

AnS  

AnD 


An  O— Weaker  2 
shorter  rj: 
ing. 

Erb  f  gives  the  following  result  of  experiments  on  himself: 


•  Op,  cit..  Band  I,  p.  105. 

f  Archiv  Ophthalmology  nnd  Otolog. 


Vol.  I,  No.  I,  p.  2461, 
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SO  £1  Ka  S  Kl  — 
KaDKl> 

KaO 

AnS  

An  D 
An  OKI 


8  and  6  El  Ka  S  Kl 
KaD  — 
KaO  — 
AnS  — 
AnD  — 
AnO  — 


Oo  another  patient,*  50  years  of  age,  he  obtained  the  following  re* 
'  icuou  with  accompanying  symptoms  of  pain  and  facial  contortions : 

8  £1  Ka  S^Clear  whistlings  stinging  pain  and  facial  contortions, 
Ka  D — Gradually  disappeared. 
Ka  O — No  sensation* 
An  S — ^Violent  pain. 
An  D — Pain  remains. 

An  O — Short  and  weak  whistling ;  slight  facial  convulsions  with 
10  £1 ;  the  same  formula  gave  still  louder  sensations 
of  sound,  but  the  accompanying  pain  was  very  severe. 

Brenner  f  gives  the  following  reaction  in  a  healthy  man  : 


Ka  S — Rumbling  of  cannon. 
Ka  D—        **  •* 

KaO 

AS      

AD     

AO — Rumbling  of  wagons. 


Suae  patient  treated  by  a  stroaget  CUirent, 

Ka  S— Sharp  ringing. 
Ka  D—    '* 

KaO 

AS 

AD     [ing. 

AO — Weaker  and  shorter  ring- 


The  variations  of  the  tone  with  the  difference  of  the  current  are  rep- 
resented in  the  following  experiment  of  Brenner  :  J 

With  the  Cativxte  dosing.  With  Anode  opeotnff.    (An  O.) 

XX    10  Ka  S  K  XX    30  A  O  K 

20  Ka  S  K.  40  A  O  K 

JO  Ka  S  K.  50  A  O  K. 

40  Ka  S  K'.  60  A  O  K 

50  Ka  S  K'.  70  A  O  K 

60  Ka  S  K'.  80  A  O  K'. 

70  Ka  S  K".  90  A  0  K'. 

80  Ka  S  K",  100  A  K'. 


Th^se  Jt€(uHons  produced  directly  and  not  by  Mefiex  Action. — We 


t  Op.  dL|  Band  i.,  p.  106,  %  Loc  cit.j  p,  tio 
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thorougljly  agree  with  Brenner  and  Erb  that  these  react  ions  of  the  audi* 
tory  nerve  are  obtained  by  the  direct  action  of  the  current  on  the  nerve, 
and  not"  by  refl€x  action  tliroiigh  the  trigeminus.  This  view  is  proved 
by  the  general  fact  of  the  conductibllity  of  the  tissues  of  the  brain  (see 
chapter  on  that  subject),  by  the  fact  that  even  when  the  trigeminus  ia 
paralyzed  the  reaction  may  yet  occur,*  and  by  the  fact  that  when  the 
electrode  is  placed  in  a  condition  favorable  for  the  entrance  of  the 
current  into  the  ear,  the  reaction  is  more  decided  than  when  the  elec- 
trode is  placed  in  a  condition  favorable  for  the  excitement  of  the  trige- 
minus, but  unfavorable  for  the  direct  entrance  of  the  current,  as  has 
been  conclusively  shown  by  Erbf  and  by  ourselves,^  VVe  have  removed 
the  pole  from  the  tragus  to  the  malar  bone  and  the  cheeky  both  of  which 
points  are  highly  favorable  far  the  excitation  of  the  trigeminus^  and 
have  found  t/mt  with  remoiml  the  reaction  diminished  or  disappeared. 

In  order  to  obtain  that  normal  formula,  the  following  conditions  are 
necessary  : — 

I .   Con  ven  ient  gah  an  ic  apparatus. 

A  very  powerful  galvanic  battery  is  not  needed.  The  range  of  ele- 
ments to  which  the  auditory  nerve  sensibly  reacts  is  between  2  to  30.  In 
some  cases  quite  strong  currents  are  necessary.  The  galvanic  batteries 
and  electrodes  described  in  this  work  are  adapted  for  these  invcstiga* 
tions.  There  should  be  a  current  reverser ;  and  a  rheostat,  though  not 
exactly  indispensable,  is  yet  very  convenient. 

2-  A  right  method  of  application^  and  practice  in  using  it 

On  the  whole,  the  best  method  of  application  to  produce  these  reac- 
tions is  the  external  arrangement,  in  which  one  pole  is  firmly  pressed 
on  the  tragus  (the  ear  external  auditory  canal  having  been  previously 
filled  with  warm  salt  water),  while  the  other  is  held  in  or  fastened  on 
the  hand  on  the  opposite  side.  Any  convenient  electrodes  may  be 
used  for  these  purposes.  So  long  as  the  pole  whose  specific  eftect  we 
desire  to  prodtice  is  on  the  right  jilace  in  the  ear  or  on  the  tragus,  the 
position  of  the  other  electrode  ii>  not  absolutely  essential,  provided  it 
is  so nie where  on  the  opposite  side^  so  as  to  allow  the  current  to  pass 
through  the  auditory  nerve.  It  is  difficult  or  impossible  to  get  the 
reaction  while  the  pole  is  on  the  mastoid  process  of  the  same  side.     It 
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'     ♦  Vide  Moos^  case,  above  quoted  in  Archiv  Ophth,  imd  Otol,  vol,  I,   Now  2«  jw 

f  Archiv  Opbih-  und  Otol,  vol.  L,  No*  i,,  p.  261  et  seq. 

X  For  a  deiailed  discusaon  of  this  ribjcct,  sec  Brenner*!  worlc^  Band  I,  i  Abth  » 
p,  94.  ct  seq. 
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l»as  been  shown  that  when  both  poles  are  placed  in  the  auditory  canal, 
^y  means  of  a  double  electrode,  the  auditory  nerve  teacts  to  the  nearer 
IPoie. 

A  ^umdtr  of  intelligent  and praetised  patients  with  both  healthv  and 
\ditea^^4  tars, 

Thd  advantages  of  intelligence  on  the  part  of  a  patient  are  obvious  ; 

1st  a.s  b  investigating  electro-muscular  sensibility,  it  is  necessary  to 

Bcpend  entirely  on  the  statements  of  the  patient  for  our  information, 

t^ftxk    the  strong-minded  and  intelligent  are  sometimes  so  distressed  by 

be  i>^in  produced  by  the  applications^  or  so  distracted  by  the  sensa- 

potts  of  dizziness^  and  the  eantr actions  of  the  facial  muscles,  that  they 

ic  ixj-^able  to  rightly  interpret  their  subjective  sensations  in  the  ear. 

^      neceisary  that  the  experiments  should  be  matlc  on  a  number  of 

\XCT%  ts,  m  order  to  obtain  the  variety  of  reactions  above  described. 

It  is   best  also  to  make  the  first  experiment  on  patients  who  have 

ea^^rtj  ^afs^  for  it  is  as  true  of  the  auditory  as  of  the  nasal  passages 

Itai  iLH^ey  sonic  times  become  less  sensitive  when  diseased.     This  is  to 

■^^t^l^ined  partly  by  the  manipulations  and  treatment  lo  which  such 

atierx  tLS  become  accustomed,  and  partly  by  the  fact  that  ttie  morbid 

»s  itself  produces  callousness  of  the  parts. 

operator  should  proceed  calmly  and  with  self-command.     After 

J^  P^^tictit  is  in  position,  with  his  head  inclined  on  the  back  of  the 

Or  lounge,  and  one  of  the  electrodes  fastened  to  or  held  in  the 

Opposite  the  ear  to  be  experimented  on,  a  little  w^arin  salt  water 

/'"■cl  be  dropped  in  (which  can  be  very  conveniently  done  by  squeez- 

J^^lt-i^  small  quantity  necessary  to  fill  the  external  auditory  canal  from 

"'^-^l  sponge  or  from  a  teaspoon  or  funnel  shaped  glass  *}  and  the 

electrode  firmly  pressed  on  the  tragus.     It  is  well  to  begin  with 

601^1 1  number  of  elements,  and  gradually  increase  until   a  reaction  is 

^*^tjiL     The  reaction  will  usually  appear  when  the  current  is  strong 

^    ''K.ll  to  produce  contractions  of  the  facial  nniscles.     The  patient 

^o«lcj  all  the  time  be  continually  and  repeatedly  questioned  in  regard 

^^^  sensations  experienced^  especially  if  he  is  unaccustomed  to  the 

*^:ieiit,  for  at  first  he  may  be  so  distracted  i^y  the  flashes  of  light 

^^^    the  eyes^  the  contractioJis  of  the  faeial  muscles^  the  nausea^  the 

^^ie  taste^  and  the  noise  of  the  water  in  the  ear,  and  especially  by 

'  ^*^in,  that  he  may  be  unable  at  first  to  distinguish  the  true  character 

|inth.^  reaction. 


'  ^  U  well  to  pUcc  A  towel  about  the  neck,  just   as  whai  synngrug  the  e*r,  m 
'*^**  •'Void  wettiug  the  coilaj  or  other  clothing  of  the  patient. 
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If  the  battery  is  provitled  witli  a  commutators  for  ina easing 
diiiniiisliiiig  the  number  of  elements  brought  into  requisition,  a  cumni 
rtverstr  for  changing  the  direction  of  the  current  without  removing  the 
poles,  and  a  rheostat  for  introducing  resistances  into  the  circuit,  the 
labor  of  the  operator  will  be  materially  lightened;  Out  sich  appliances 
are  not  indispensable. 

The  operator  should  remember  that  the  reactions  are  modified  by  the 
cxperiuient  itself,  (a.)  Ka.S  is  most  eftVciual  after  An»S.  Therefore 
tlie  use  of  voltaic  alternatives  is  of  service. 

(^.)  The  excitability  of  tiie  nerve  is  increased  by  long  closure  of  cath- 
ode (Ka.S.). 

(r.)  The  excitement  of  An»0*  increases  with  the  strength  of  the  cur- 
rent and  the  length  of  closure. 

It  should  he  remembered  also  that  Ka.S.  is  stronger  and  quicker 
than  An.O. 

Judging  from  our  own  researches  in  this  department  these  three  lead- 
ing statements  of  Brenner — that  the  auditory  nerve  reacts  to  the  ntartsi 
electrode  in  a  regular  manner,  that  in  health  sounds  of  some  kind  are 
produced  at  the  closing  and  in  the  du ration  of  the  cathode,  and  that  la 
pathological  cases  a  part  of  the  normal  formula  is  more  or  less  changed 
— are  capable  of  sufficient  and  easy  demonstration  to  those  who  are 
thoroughly  familiar  with  clcctro-thempeutical  experimentation. 

On  the  other  hand,  some  of  the  special  features  of  Brenner's  system 
offer  difficulties  in  the  way  of  their  successful  and  uniform  demonstra- 
tjon  that  can  only  be  overcome  by  careful  practice  in  this  special  de- 
partment. To  catch  the  sounds  which  in  health  are  heard  at  the  open- 
ing of  the  anode  i  to  distinguish  between  the  noise  caused  by  the  agita- 
tion of  the  water  in  the  ear,  and  the  subjective  sounds  that  are  so  fre- 
quently the  symptoms  of  disease  of  the  auditory  apparatus  and  the  genu- 
ine reaction  of  the  auditory  nerve ;  to  obtain  the  complete  normal 
formula  in  health,  and  to  satisfactorily  discriminate  between  the  various 
abnormal  reactions  of  disease — the  first  attempt  to  fully  corroborate  all 
the  assertions  in  these  particulars  will  usually  result  in  complete  or  par- 
tial faihtre,  especially  lo  those  who  are  unfamiliar  with  the  use  of  gal- 
vanic a]>paratus. 

Degrees  of  Irritability, — Brenner  distinguishes  three  different  de- 
grees of  irritability  of  the  auditory  nerve,  according  to  the  number  of 
elements  that  it  takes  to  excite  the  reaction.  The  degrees  of  irritability 
may  be  changed  during  the  sitting  by  the  effect  of  the  current  on  the 
nerve,  and  especially  by  the  voltaic  alternatives. 

1  hus,  if  at  the  beginning  of  the  sit  ing  the  nerve  reacted  to  i6  ele 


\ 
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f»i«:i)is,  buo^io  number  less  than  tliat,  these  16  elements  would  repre 
senr  the  primary  irrilabiltty  of  that  nerve. 

If  by  various  aiternatious  of  the  current  the  nerve  is  brought  into  a 
condition  that  it  reacts  to  12  elements,  these  12  elements  represent  ihc 
secondary  irrtiability  of  that  nerve. 

^C  by  still  further  excitation,  the  nerve  is  made  to  react  to  10  ele* 
merits,  these  10  elements  represent  the  fertiary  excitability  of  that  nerve. 

'^  opposiLion  to  the  above  conclusions  l^r.  Wreden,  of  St.  Peters- 
^^%%  has  made  a  number  of  experiments  which  seem  to  him  to  establish 
'"^t  the  sounds  heard  during  galvaniiation  of  the  ear  are  due  not  to 
""c  reaction  of  the  auditory  nerve,  but  to  the  contraction  of  the  smaii 
^^tcles  of  the  middle  ear.  In  his  experiments  he  electrized  the  Eusta- 
^»aii  tube,  through  the  catheter,  and  also  the  middle  ear,  by  means  of 
sniaJl,  delicate,  and  finely  graduated  sounds  insulated  to  their  points, 
^  believes  that  by  this  method  he  causes  contraction  of  the  tensor 
^'^Pani  and  of  the  stapedius,  through  irritation  of  the  fifth  and  seventh 

"^reden  asserts  that  during  electrization  by  these  methods  the  mem- 

'^a  tympani  is  retracted,  and  believes  that  this  retraction  is  caused 

y  the  contraction  of  the  muscles.     This,  however,  has  been  denied  by 

**Pten,      To  settle  this  question,  Lowenberg  devised  a  manometer^ 

.  "'ch  consists  in  a  bit  of  cork  or  rubber  fitted  into  the  external  meatus 

^^'*ietically,  and  receiving  hermetically  a  capillary  glass  tube  which 

'^*^3.ins  a  drop  of  colored  liquid.     The  external  meatus  is  filled  with 

^^r,  which  is  connected  with  one  of  the  poles  of  a  faradic  machine, 

-  ,**^  the  other  is  applied  to  the  skin  by  a  sponge  or  through  the  Eusta,- 

_*^^  tube.     When  the  membrana  tympani  is  retracted  by  the  action 

^     5^^  ^"""^"^t  ^^  ^^^P  ^^  colored  water  indicates  this  retraction  by 

*^g»  when  it  is  pushed  outward,  by  rising. 

''^^OTitting  to  the  full  all  that  has  been  claimed  by  Wreden  and  Low- 

^    ^^^rg,  we  do  not  see  that  it  proves  that  the  supposed  complex  reac- 

I       *^5i  of  the  auditory  nerve  to  electricity  are  nothing  more  than  muscu- 

^         ^Contractions,     Admitting  that  in  some  cases  where  the  membrana 

si  1^  \?^'^y  is  gone,  the  reactions  are  not  obtained,  still  the  following  con- 

^lations  are,  to  our  mind,  convincing  : 
^      ^  ^  The  reactions  of  the  galvanic  current^  when  applied  to  the  ear,  are 
^      ^^uently  similar  to  some  of  the  sounds  of  tinnitus  aurium.     They  arc 
^*^etimes  so  much  alike  that  they  cannot  be  distinguished. 


A  resume  of  this  subject  is  preseoted  in  Dr.   Roosa'a  work  on  I>isfmet  Qftkt 
"  Pr*  493-495- 
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3.  The  differential  polai'  effects  of  the  galvanic  c  irrent  on  the  ear 
wnich  are  very  easy  of  demonstration,  cannot  be  explained  by  any 
theory  of  muscLilar  contraction. 

3.  Sooie  of  the  reactions  are  produced  by  the  steady  action  of  the 
galvanic  current,  without  any  interruption,  and  with  a  strength  not  suffi- 
cient  to  produce  muscular  contraction  ;  while  it  is  true  that  certain 
reactions  in  some  cases  require  strong  and  interrupted  currents,  it  is  not 
true  of  all  of  them. 

4.  A  reaction  of  the  auditory  nerve  similar  to  some  forms  of  tinnitus 
can  be  obtained  in  some  sensitive  cases,  not  only  by  galvanisation  of 
the  ear,  but  of  the  other  parts  of  the  head»  and  even  the  trunk. 

We  have  had  a  patient  who  complained  every  time  we  galvanized 
the  spine  that  buzzing,  hissing  sounds  were  excited  in  his  ear.  Simi- 
lar sounds  are  produced  by  galvanisation  of  die  car.  The  effect  in 
this  case  was  probably  reflex. 

All  these  considerations  convince  us  that  the  variety  of  sounds  pio- 
duced  by  galvanizalion  of  the  ear  is  due  to  the  excitation  of  die  au- 
ditory nerve,  and  diat  this  excitation  may  be  both  direct  and  reflex* 
We  are  fully  aware,  Jiowever,  that  for  the  present  this  fact  has  a  greater 
interest  for  the  electro-physiologist  than  for  the  electro-therapeutist. 

Olfactory  Nerve— ^^  have  observed  in  frequent  experimenting  on 
ourselves  that  the  negative  pole  of  a  strong  galvanic  current  applied  to 
the  Schneiderian  riien^brane  caused,  in  certain  sensitive  localities,  an  odor 
much  resembling  suljihu retted  hydrogen.  The  odor  obsen^ed  in  the  neigh- 
borhood of  docks  will  perhaps  suggest  the  peculiar  character  of  this  re- 
action more  than  any  formal  description.  This  reaction  is  obtained  only 
when  a  powerful  current  is  used.  It  is  obtained  at  the  opening  of  the 
circuit,  while  the  circuit  is  closed  and  for  somehttle  time  after  the  circuit 
is  opened.  We  have  found  that  this  peculiar  reaction  varies  much  with 
the  individual,  and  with  the  same  individual  at  difl'eren!  times.  A  sen- 
sitive, or  even  an  ulcerated  condition  of  the  mucous  membAne  would 
seem  to  form  it  Although  we  are  frequently  treating  cases  of  rhioiiis 
{nasal  catarrh)  by  intemai  galvanization  with  metallic  electrodes,  yet  our 
patients  never  speak  of  this  peculiar  odor.  The  mucous  membrane 
of  the  nasal  passages  is  very  sensitive,  and  in  ordinary  therapeutical 
applications  only  gentle  currents  will  be  borne,  whereas  this  reaction  of 
t  the  olfactory  nerves  demands  powerful  and  painful  currents. 

The  difl'erential  reaction  of  the  positive  and  the  negative  pole  of  the 
ascending  and  descending  currents  that  were  long  ago  claimed  by  Bit- 
ter, we  have  not  been  able  to  conflrm.  The  phenomenon  of  sneezing,  of 
a  disposition  to  sneeze,  of  which  Ritter  spoke,  is  due,  not  to  any  rcac 
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^oti  of  the  olfactory  nerve,  but  to  the  mechanical  irritation  of  the  sen 

^^  nerves  by  the  electrode.     Sneezing,  as  all  aurists  know,  is  called 

*^h  by  a  single  introduction  of  the  Eustachian  catheter,  and  we  observe 

*^  Continually  in  introducing  the  nasal  electrode.     It  is  observed  most, 

"**^evcr,  just  as  the  electrode  is  being  inserted ;  and  when  the  current  is 

^^niijg,  the  symptom  does  not  usually  annoy  us.    The  action  of  a  gentle 

^'irreni  on  the  sensory  nerves  of  the  nasal  passages  seems  rather  to  have 

^s<:dativc  effect,  and  in  a  measure  counteracts  the  tendency  to  sneeze 

mt  k  excited  by  the  mechanical  irritation  of  the  electrode- 

Schonbein  suggests  tiiat  the  peculiar  smell  experienced  from  the  pas- 

^  of  the  electric  current  through  the  olfactory  nerve  is  caused  by 

^^ne  that  is  generated, 

This  peculiar  odor,  observed  in  powerful  galvanization  of  the  nasal 

^*^*^3^c,  is  unquestionably  due  to  the  reaction  of  the  nerve  to  the  elec- 

"^^l     stimulus,  and  corresponds  to  the  effects  produced  by  the  same 

flgent  on  the  nerves  of  seeing,  hearing,  and  tasting. 

^^nxiiklinic  electricity,  electro  tnagnetisni,  mag neto-electri city,  are 
^I«,  in  any  strength  that  can  be  endured  by  a  person  in  health,  to 
excite  the  peculiar  reaction  of  the  olfactory  nerve, 
^^m^^^^ion  of  Ehctrkity  0n  the  Gustatory  Nerve — Action  of  the  Galvanic 
^K^^'^^fU, — In  17S4,  long  before  the  discovery  of  galvanism,  it  was 
^PJ^^^Ged  by  M.  Sulzer  that  lead  and  silver,  when  connected  and  then 
^■vrou^l^t  in  contact  with  the  tongue,  gave  rise  to  a  peculiar  taste  similar 
th^t  produced  by  vitriol  of  iron.  If  we  apply  a  piece  of  zinc  to  the 
Pper,  and  one  of  silver  to  tlie  lower  part  of  the  tongue,  a  powerful  acid 
'^  Vfill  be  experienced  under  tlie  zinc  pinte,  and  a  slight  alkaline 
'^^  under  tlie  silver  plate.  These  sensations  are  perceived  as  long 
e  circuit  is  closed ;  but  if  the  plate  or  the  tongue  be  warmer  or 
f  than  natural,  or  very  much  benumbed  by  acids  or  other  irritating 
*^bsta.nccs^  very  little,  if  any,  sensation  is  produced.  If  the  tension  ol 
^  Current  be  much  increased,  by  using  several  pairs,  the  tongue  be- 
^ftif^5  convulsed  and  a  flash  of  light  is  perceived.  When  neither  of  the 
^^^^^odes  touches  the  tongue,  a  metallic  instead  of  an  acid  or  alkaline 
^^^  is  produced. 
^'^^  peculiar  reaction  of  the  gustatory  nerve  to  the  current  is  gen- 
*3^  described  by  those  on  whom  we  have  experimented  as  **  cop- 
P^'V***  Qr  I*  sour,'*  or  "  metallic,"  or  **  bitter/*  Sour  or  coppery  are,  we 
^Ve,  the  designations  most  frequently  employed  by  tliose  persons 


bcli 


experience   the  sensation  for   the  first  time,  and  who  have  no 
*^*^*"ies  in  tlie  matter  to  prove  or  disprove,  and  who  therefore  are 
I       *y  to  give  their  real  impressions.     If  we  asV  them  whether  they  have 


1 40  ELECTRO-PH  YSIOLOCiY. 

a  taste  in  the  mouth  while  the  current  is  passing,  they  usually  reply  th^s--  ^ 

the  taste  is  sour  or  "  coppery,"  and  sometimes  they  may  call  it  "bitter.  - — 

If  we  ask  them  whether  the  taste  is  "  metallic,"  they  usually  reply  in  th^ 
affirmative.  Our  observations  on  this  subject  have  been  very  numera 
ous,  and  they  have  been  made  with  both  currents.  It  is  not  necessar^IT" 
to  send  the  galvanic  current  through  the  tongue  or  through  the  chordi^s^ 
tympani  nerve,  or  through  the  face  even ;  for  galvanization  of  the  ne 
in  the  anterior  and  posterior  regions,  and  of  the  head  in  almost  an)^^_  ) 
direction,  and  of  the  spine — the  lower  as  well  as  the  upper  region — ^wiUL-^EZU 
be  felt  in  the  gustatory  nerve. 

This  metallic  taste  is  felt  almost  as  soon  as  the  galvanic  current  i^ s 

closed,  grows  stronger  while  the  current  runs  up  to  a  certain  point,  and  i 
sometimes  felt  for  several  minutes  after  the  electrodes  are  remove 
In  some  temperaments  on  which  we  have  experimented,  the  metallic 
taste  remains  on  the  tongue  for  several  hours,  and  even  all  day, ; 
longer. 

In  susceptible  temperaments  the  faradic  current  produces  in  a  lesr  —  ^^ 
degree  this  metallic  taste,  and  that,  too,  not  only  when  applied  to  th^^  ^*5 
tongue,  but  also  the  head,  neck,  and  spine.  In  the  operations  of  cea 
tral  galvanization  this  reaction  of  the  gustatory  nerve  becomes  of  ' 
siderable  value  in  showing  us  that  the  current  is  passing  as  we  wish  il 

and  that  the  patient  is  receiving  all  that  is  well  for  him.     The  gustatoi Z^ 

reaction  thus  answers  the  purpose  of  a  galvanometer,  showing  that  th     —  ^ 
current  is  passing,  and  to  a  certain  degree  regulating  the  dose. 

There  is  little  doubt  that  this  metallic  taste,  caused  by  electrizatioc 
is  due  to  a  peculiar  excitation  of  the  properties  of  the  gustatory  nerve 
by  the  stimulus  of  the  current. 

The  theory  that  it  might  be  of  an  electrolytic  character,  and  therefoi 
explained  by  the  products  of  decomposition  at  the  poles — acid  at  tl  — »c 

positive,  and  alkalies  at  the  negative — Rosenthal,  by  a  variety  of  e^^^  ^• 
periments,  has  shown  to  be  untenable. 


CHAPTEP    VIL 


AcrnON  OF   ELECTRICm'  ON   MOTOR  AND   SENSORY   KERVBS  AND 
VOLUNTARY   MUSCLES, 

^^^iiahUify  of  nerves  and  muscles  is  thai  property  by  virtue  of  which 
they  £ran^uci  the  natural  stimulus  of  the  hody^  or  external  impressions^ 
^  ''^^J^'^d  to  artificial  stimulation, 

^er\*es  and  muscles  are  called  irritable  so  long  as  they  retain  this 
P^Perty.     Irritability  of  the  nerves  is  a  property  inherent  in  thenu, 

^  other  tissue  excq>t  nerve  tissue  possesses  ihis  property, 
'  *^uring  life  nerves  and  muscles  manifest  their  irritability  by  fulfilling 
the  natural  functions  that  belong  to  them ;  it  is  this  property  that 
_''ahl^s  them  to  conduct  that  mysterious  vital  agent,  which,  in  heu  of 
*^anite  knowledge,  we  are  obliged  to  call  nerve  force.  This  nerve 
^*^e,  which  is  peculiar  to  living  beings,  may  possibly  be  correlative  to 
^  other  forces  of  nature  —  light,  heat,  electricity,  magnetism,  and 
^^^itation — but  the  theory  that  it  is  identical  with  electricity  is,  as  will  be 
^*^^n.  untenable. 
^^  ^'^Hfalulity,  how  long  Retained  after  Death. — ^The  irritability  of  nerves 
^^T^^  rnascles  begins  to  diminish  after  death,  and  sooner  or  later  disap- 
^KTT^^^-  It  disappears  much  sooner  in  warmblooded  than  in  cold- 
^^  ^^>c3cd  animals. 

^H   ^*\  wami-blooded  animals,  as  the  rabbit  and  the  dog,  the  muscular 
^^^^"^nt  may  disappear  in  half  or  three-quarters  of  an  hour.     In  the 


"nt^ 


of  a  frog  that  has  been  properly  protected  and  under  a  cool  tem- 


"_^tnre,  it  may  remain  for  two,  three,  or  even  four  weeks.     It  is  on 

*imt  of  this  persistence  of  irritability  in  frogs  that  they  are  so  fre- 

Illy  chosen  in  electro-physiological  experiments.     Irritability  also 

^^^  with   the  temperature-     It  lasts  longer  in  cold  than  in   warm 

_*^her,  and  under  extreme  heal  it  remains  but  a  short  time* 

^^   ^'^^e  local  application  of  poisons  and  powerful  chemical  substances, 

^  detract  of  opium,  acetates  of  strychnine,  morphine,  creasote,  nitrate 


^r 


Silver,  mineral  acids,  rapidly  destroys  the  irritability. 

^^^ow  Muscular  Contractions  are  Produced. — There  are,  then,  two 
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ways  by  which  the  muscles  can  be  made  to  contract  under  electncit 
(i)  by  acting  on  the  motor  nerves,  and  (2)  by  acting  on  the  muscles 
themselves.  There  is,  however,  this  interesting  and  ijnportant  differ- 
ence in  the  effect  of  electrizing  the  motor  nerves  and  the  muscles,  that 
when  the  former  ate  electrized  all  the  muscles  supplied  by  them  con- 
tract, and  when  the  muscles  are  electrized,  only  that  muscle  to  w^hich 
the  electrodes  are  applied,  or  that  part  of  the  muscle  between  the 
electrodes,  will  contract.  When  direct  applications  to  the  muscle  arc 
made,  the  best  contractions  are  produced  by  putting  one  electrode  at 
each  end.  The  muscular  contractions  produced  by  directly  fara- 
dizing  the  nniscle  are  due  to  the  excitation  of  the  muscle,  and  also  of 
the  intra-muscular  nerve-fibres.  The  most  powerful  muscular  contrac- 
tions are  produced  by  placing  one  electrode  on  the  muscle,  and  the 
other  at  the  point  where  the  motor  nerve  that  supplies  it  is  most  super* 
ficial. 

Differential  Action  of  Positive  and  Negative  Pole  in  Producing  Can- 
tractions. — Not  only  is  there  a  difference  in  the  degree  in  the  opening 
and  closing  contractions  of  the  fiiradic  current,  but  there  is  also  a  dif- 
ference in  the  action  of  the  poles  in  producing  contractions.  Wlien  the 
interruptions  are  rapid,  as  in  the  majority  of  machines,  the  muscle  does 
not  have  time  to  go  through  all  the  process  of  lengthening  and  shorten* 
ing  with  each  movement  of  the  current  to  and  fro,  and  consequently 
it  is  kept  in  the  state  of  tonic  contraction  above  described.  If,  now, 
one  pole  be  placed  on  some  indifferent  point,  while  the  other  pole 
is  placed  over  the  nerve  to  be  acted  on,  it  will  be  found  that  the  nega^ 
fwe  pole  j produces  stronger  contractions  than  the  positive. 

This  experiment  is  easily  made,  and  it  is  not  difticult  to  demonstrate  on 
one's  self  that  this  stronger  action  of  the  negative  pole  in  producing  mus- 
cular contraction  is  entirely  independent  of  the  direction  of  the  current 
—  is,  in  short,  a  polar  effect.  We  have  already  seen  that  on  sensory 
nerves  the  negative  pole  is  more  powerfully  felt  than  the  positive. 

Simple  Fluctuation  in  Strength  of  Current  sufficient  to  Produce  Con- 
traction,— In  order  to  produce  muscular  contractions,  it  is  not  necessary 
that  the  current  should  be  opened  or  closed.  A  moderate  variation  in  the 
strength  of  the  current — such  as  is  obtained  by  adding  one  or  more 
cells,  or  by  uniting  another  and  independent  current  in  the  circuit,  or 
by  taking  off  some  portion  of  the  current  from  the  circuit — will  cause 
muscular  contractions.  The  contractions  produced  in  this  way  are^ 
however,  less  vigorous  than  those  produced  in  closing  and  opening  the 
circuit.  It  is  to  be  observed,  also,  that  the  vigor  of  the  contractions  is 
proportioned  to  the  suddenness  of  the  closing  or  opening  the  cira!tt 
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Hjif  point  is  frequently  forced  upon  oar  observation  in  the  treatment  of 
puraJysis.  If  the  electrodes  are  armed  with  large  sponges,  and  are 
slowly  ajipUed  over  the  muscle,  with  gradually  increasing  pressure, 
namely  any  contraction,  or  at  least  only  a  feeble  one,  is  produced ; 
I'tttif  the  interruption  be  made  in  the  metallic  part  of  the  circuit — in 
the  electrode  by  an  interrupter,  or  in  the  battery — the  contraction  with 
tht  same  current  will  be  very  energetic. 

By  refemng  to  Electro-Physics  (p,  55),  it  will  be  seen  that  the  law  of 
inuscutar  contraction  under  electrization  follows  the  laws  of  current- 
^  mduction.    Both  contraction  and  induction  occur  when  a  change  is 
in  the  strength  of  the  current  by  closing,  opening,  increasing^ 
rdiminishing. 

MM^s^iular  Contractions  more  Vigorous  when  a  great  letigih  of  the 

bt€n*c   Ij  Qa/ra/tizat — The  muscular  contraction  caused  by  gaivaniza- 

hm  Is  greater  when  a  large  than  when  a  small  extent  of  the  nerve  is 

tuciuded  between  the  electrodes.     It  is  not  a  difficult  matter  to  demon* 

this  fact.     The  experiment  can  be  made  on  nerves  of  rabbits, 

frogs,  or  other  animals. 

^'^'n^'/j  of  Living  Man, — Our  previous  remarks  have  been  applied  to 

"^  ''^action  of  the  nerves  of  animak  in  a  condition  not  purely  physio- 

wgicaK    When  the  galvanic  current  is  applied  to  a  living  and  healthy 

"^otor  nerve  tn  a  healthy  man,  contraction  takes  place  only  on  dosing 

^  ^*^cuit*    This  fact  is  constant  with  either  pole  and  any  direction  of 

^^Urreot     The  negative  pole  applied  to  the  nerve  produces  stronger 

'^**'action  than  the  positive.     At  the  opening  of  the  current  there  is  no 

.   y<idiQn,     When  the  nerve  is  separated  from  the  body,  or  injured,  or 

.  ^    Stied  in  any  way,  the  phenomena  already  described  appear.     The 

'^        sympiom  of  flitigue  is  contraction  both  at  the  opening  and  closing 

*  .  ^^  current,     Wicn  the  nerve  becojiies  more  exhausted  the  contrac- 

'*   are  produced  on  closing  and  opening  the  inverse  current ;  and 

*^    the  exhaustion  is  still  greater,  contraction  is  obtained  only  on 


tn^l. 


^»^g  the  direct  current. 


^*^Mion  of  the  Faradic  Current.— The  faradic  current,  when  rapidly 


^r^*^uptcd,  as  in  most  of  the   faradic  machines,  and    applied  to    the 
BE/^  ^r  nerves,  keeps  up  a  tonic  contraction  of  the  muscle  supplied  by 

^*^.    This  GOQiraction  is  maintained  so  long  as  the  current  runs. 
^^^    ^    a  contrivance  for  making  slow  inductions  be  connected  wnth  the 
^^P'^ciic  machine,  then  the  contraction  of  the  muscles  corresponds  to 
^  Opening  and  closing  of  the  current,  and  the  opening  contraction  is 

^^ger  than  the  closing, 

*^icn  the  current  of  the  secondary  wire  is  closed  by  placing  the 
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electrodes  on  the  skin,  the  current  of  the  primary  coil  (extra'CurrentJ 
exercises  a  retarding  inlluence  on  the  secondary  current,  and  then  the 
closing  contraction  is  rendered  more  gradual  and  gentle  from  nothing 
to  the  maximum. 

When  the  current  of  the  secondary  coil  is  opened,  the  current  of  the  d 
primary  coil  (extra-current)  does  not  exist  (see  Electro-Physics,  p.  ^%)^  ™ 
and  consequently  the  current  of  the  secondary  coil  is  not  retarded  and 
goes  rapidly  from  its  maximum  to  nothing,  fl 

Differential  Action  of  Primary  and  Secondary  Oi/r.— Duchenne  has  ■ 
stated  with  a  measure  of  truth  that  the  current  of  the  primary  coil  (ex- 
tra-current) of  his  apparatus  has  a  more  powerful  effect  on  the  sensi- 
bility and  contractility  of  the  organs  beneath  the  skin,  while  the  current 
of  the  secondary  coil  acts  more  powerfully  on  the  retina  and  on  the 
skin.     The  primary  coil  is  composed  of  thick,  short  wire. 

The  secondary  coil  is  composed  of  long  and  thin  wire  with  noan^ 
windings*  ■ 

The  difFerential  action  of  the  primary  and  secondary  currents  on  the 
skin,  muscles,  and  optic  nerve  is  due  to  these  two  causes : 

1.  The  primary  current,  circulating  through  a  short  thick  wire,  has 
less  tension  than  the  secondary  current  that  circulates  through  a  long 
thin  wire,  because  tension  is  developed  only  in  the  presence  of  resist- 
ance- Since,  now,  the  skin  offers  greater  resistance  than  the  muscles, 
the  secondary  current,  by  virtue  of  its  greater  tension,  is  able  to  pene* 
trate  it,  and  also  to  penetrate  the  brain  and  affect  the  optic  nerve. 
But  the  primary  current,  having  less  tension,  passes  through  the  skin, 
circulating  in  it  but  slightly,  and  goes  to  the  muscles  beneath,  which  are 
good  conductors,  and  on  these  it  spends  its  force.  In  other  words,  a 
current  of  low  tension  selects  the  best  conductors,  avoiding  the  pooi 
conductors  so  far  as  is  possible,  while  the  current  of  high  tension 
traverses  also  poor  conductors. 

2.  The  primary  current  moves  in  one  direction,  and  has  a  mild  eleo 
trol)'tic  power,  while  the  secondary  current  moves  to  and  fro  so  rapidly 
that  it  cannot  perform  electrolysis. 

Action  of  the  Galvanic  Current, — The  intermpted  galvanic  current 
of  moderate  strength,  if  applied  to  a  motor  nerve,  causes  all  the  mus- 
cles supplied  by  that  nerve  to  contract. 

If  the  current  be  interrupted  slowly,  the  contractions  wiir  be  chnic^  if 
rapidly  interrupted,  the  contractions  will  be  tonic^  The  violent  contrac- 
tions that  occur  at  the  moment  of  closing  and  opening  the  circuit  of 
an  intense  current  may  be  avoided  if  we  begin  wth  an  extremely  mild 
current  and  slowly  and  gradually  increase  its  tension.     Bv  this  metliod 
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Rittcw  wa/  enabled  to  pass  through  his  own  person,  without  experienc- 
ing either  the  closing  or  opening  shock,  tlie  enormous  current  gener- 
ated  ironi  a  battery  of  two  hundred  elements. 

Gt!2h'atio-^onic    Contractions, — When    very    powerful    currents     are 
applied  continuously  to  the  nerves,  tonic  contractions  are  produced  dur 
itig   tlje  whole  time  that  the  circuit  is  closed     Contractions  thus  pro 
ducf^d  were  called  by  Remak  gaivanotonu   contract wns.      They  are 
c^^d  galvano-A?rt/V  contractions  to  distinguish   them  from  the  clonic 
cofi tractions  produced  by  the  faradic  current*     When  the  galvanic  cur- 
tent   is  applied  continuously  to  th''   surface  of  the  body,  by  means  of 
n>oist  sponges,  the  galvano-tonic  contractions  increase  in  vigor,  up  to 
^  Certain  point,  the  longer  the  electrodes  are  kept  in  position.     This 
phenomenon  is  explained  mainly  by  the  fact  that  the  skin  becomes  more 
moist  as  well  as  hypersemic  (p.  no)  by  the  effect  of  the   current,  and 
thus  becomes  a  better  conductor  for  the  electricity.     With  the  faradic 
^ttrrent   this  increase   of  effect   is  not   so  observable.      The   current 
'^9tiired  to  produce  galvano-tonic  contractions  is  quite  powerful  and 
^*^nfuL     The  strength  of  current  required  will  depend  on  the  position 
^he  nerve  acted  on,  the  length  of  nerve  in  chid  ed  between  the  elec- 
^des,  and  the  individual  experimented  on. 

-^onic  Contractions  in  Antagonistic  Muscles, — Remak  states  that  when 
^*^nic  currents  of  great  power  are  used,  certain  nervous  tonic  con- 
^^^tions  appear  in  antagonistic  muscles.     Thus,  for  example,  when 
^  tiicdian  nerve  is  subjected  to  the  continuous  action  of  a  powerful 
»^*vanic  current,  contractions  appear  in  the  common  extension  of  the 
^*^e  arm»  so  that  the  fingers  are  raised.     It  is  probabie  that  this  phe- 
^niicnon  is  due  to  reflex  action. 
^^  Effect  of  the  Will  in  opposing  and  aiding  Contractions  produced  hf 
^^^Itctricity, — The  contractions  produced  by  electricity  can  be  materially 
"^^iled  or  opposed  by  effort  of  the  will  of  the  person  operated  on.     If  a 
^^rson  whose  muscles  are  being  electrized  concentrate  his  mind  on  the 
^^uscle  that  is  subjected  to  the  influence  of  the  current,  and  simultane- 
^^usly  with  the  closing  of  the  circuit,  wills  to  contract  the  muscle,  the 
^ODtracHon  will  be  more  vigorous  and  complete  than  when   the  elec- 
^ricit)'is  not  so  aided.     The  will  coH3peratcs  with  the  electricity,  and  the 
'^wo  agents  reinforce  each  other,  and  thus  accomplish  more  than  would 
\>e  possible  for  either  alone.     This  can  be  very  conveniently  demon- 
strated on  the  communis  extensor  of  the  forearm.     In  electro-therapeu- 
^cs  this  CO  operation  of  the  force  of  will  and  electricity  becomes  of 
^real  practical  value.     It  has  long  been  known  that  paralytic  patients 
oC  all  kinds,  even  those  of  a  cerebral  clironic  incurable  character,  can  be 
lO 
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greatly  benefitecl  by  slightly  concentrating  the  mind  on  the  parts  to  be 
fftOi'Cii^  as  the  Jingers  or  ioes^  and  resolutely  willing  to  move  them* 

In  practice  it  has  been  found  that  such  treatment  is  of  positive  and 
permanent  service. 

The  combination  of  the  force  of  will  with  electricity  is  very  much 
more  eficacious  than  either  when  used  alone.  When  a  muscle  becomes 
so  diseased  that  the  will  is  powerless  to  remove  it,  the  electricity 
may  extract  it  with  ease.  Where  electricity  alone  causes  feeble  or 
imperfect  contraction^  electricity,  co-operating  with  the  will*  may  make 
the  contraction  vigorous  and  complete.  In  order  to  make  experiments 
of  this  kind  fully  successful,  it  is  necessary  that  the  will  and  force  should 
be  concentrated  simuUaneously  with  the  closing  of  the  circuit  i  and 
yet  experience  shows  that  the  effect  of  the  electrization,  if  not  too 
long  continued^  is  to  give  tone  of  the  muscle,  so  that  it  responds  more 
readily  to  the  will  for  several  tninutes^  or  even  hours,  after  being  sub- 
jected to  the  electrization.  This  is  especially  observed  in  muscles  that 
are  in  a  condition  of  paresis.  In  all  these  experiments  much  dei^ends 
on  the  organic  energy  and  grit  of  the  patient.  CotHersely,  it  is  found 
that  by  an  effort  of  will  the  contraction  of  muscles  induced  by  electri- 
city can  be  within  a  certain  limit,  successfully  opposed.  The  experi- 
ment can  be  made  on  the  communis  extensor  of  the  forearm  without 
difficulty.  A  feeble  current  will  cause  this  muscle  to  contract  so  as  to 
bring  up  the  hand  and  fingers  ;  by  an  effort  of  the  will  this  can  be 
resisted  so  that  the  hand  remains  on  a  level,  or  nearly  so.  When  very 
strong  currents  are  used  the  will  is  completely  overborne,  and  has  no 
effect  whatever. 

Extent  of  Shortening  of  Muscle  during  a  Contraction. — In  the  process 
of  contraction  muscles  shorten  in  proportion  to  their  length.  The 
greatest  possible  shortening  is  obtained  during  tetanic  or  continuous 
contraction,  and  not  during  a  momentary  contraction.  The  maxmtum 
of  shortening  is  reached,  not  suddenly,  but  gradually,  and  it  does  not 
long  remain  at  the  maximum  even  when  the  electrization  is  continued, 
but  begins  to  lengthen  at  first  rapidly  and  then  more  slowly. 

The  greatest  amount  of  shortening  possible  to  a  muscle  is  thrtt-quar^ 
Urs  or  two -thirds  of  its  length. 

In  contraction  the  muscle  becomes  a  little  smaller  in  bulk.  The 
cause  oF  this  is  not  fully  understood.* 

Immediate  Strengthening  or  Meliorative  Effect  of  Electrization  on' 


•  Elictro-Phythhgy  and  Eleeira-  Theraptutiet. 
York,  1S6S,  p,  573. 
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Vchinhiry  Muscles, — One  x^ry  interesting   effect  of  electrization  on 
v'oIuniai>^  muscles  is  to  increase  their  power  of  doing  work.    This  effect, 
which  is  called  by  Heidenhain  and  Remak  restorative^  can  be  demon- 
strated in  various  ways.     The  capacity  of  walking,  in  cases  of  paralysis 
of  the  lower  limbs,  is  sometimes  increased  at  once  after  electrization ; 
the  patient  steps  across  the  lloor  easier  and  more  6rnily  and  rapidly, 
and  can  walk  further;   or  he  can  raise  his  leg  higher  and  with   less 
iMculty.     In  one  case  of  paralysis  of  the  tibialis  anticus  muscle  there 
was  no  response  to  the  will  until  a  current  of  medium  strength  had 
been  applied,  when  it  contracted  without  much  difficulty.     Dr.  Poore  * 
found,  on  placing  a  weight  of  17  oz.  in  the  hand  of  a  man  holding  his 
«rni  out  at  right  angles  with  his  body,  that  in  four  minutes  the  pain  was 
so  great  that  he  could  not  go  on  ;  applying  now  a  mild  current  through 
the  nerves  of  the  arm,  the  strength  returned.     Another  man  could  hold 
Out  his  arm   13^  minutes  when  the  current  was  applied,  but  only  6 
«ninutcs  without  the  current. 

The  dynamometer  is  a  good  means  of  studj-ing  this  subject.  In  one 
Oase  Dr.  Poore  found  that  eight  successive  squeezes  of  the  dynamome- 
ter until  electrization  gave  477  lbs. ;  without  electrization^  58S  lbs.;  a 
c^ifference  of  89  lbs.  In  another  experiment  made,  when  the  hand  was 
*:50E  tired  by  prcviotis  experimenting^  the  difference  was  even  more 
:xmarkcd,  being  a  gain  of  152  in  six  squeezes  of  the  dynamometer. 

Effect  of  Fatigue  of  Muscles  on  the  Contractility. — Wh^Xi  a  striped 

*-nuscle  becomes  very  much  weakened  or  fatigued  it  behaves  under  elec- 

"^rizatioQ  much  like  the  smooth  muscle.    Dr.  Beard  has  demonstrated  this 

Mact  on  dying  rabbits  and  dogs.     Beginning  tlie  electrization  just  as 

"ttey  arc  cut  open,  the  striped  muscles  react  vigorously  and  normally  to 

Xhe  current;  but  as  the  animal  dies  the  character  of  the  contraction 

changes,  becoming  slower  and  more  deliberate.     If,  now,  the  current 

l)e  rapidly  interrupted,  no  contraction  occurs,  for  there  is  not  time  for 

the  muscle  to  respond.     If»  now*,  weak  currents  are  used,  the  muscle 

contracts  very  much  after  the  manner  of  unstriped  muscle — that  is,  with 

a  slow  drawing  rather  than  a  rapid  and  vigorous  action. 

Effect  of  Muscular  Tension  and  Relaxation  on  Muscular  Contrac 
tion, — Dn  VVm,  R.  Fisher,  of  New  York,  has  called  attention  to  the 
fact  that  muscles  contract  more  easily  when  somewhat  relaxed  than 
when  in  a  tense  condition.  This  experiment  can  be  tried  very  easily  on 
the  common  extensor  of  the  forearm  or  on  the  peronei  muscles  of  the 
leg.     The  fact  is  of  practical  importance  in  the  treatment  of  paralysis. 
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Ziemssen,*  on  experimenting  with  unpolarizable  electrodes,  and 
gradually  increasing  the  strength  by  the  aid  of  the  th  cos  tat,  obtained 
the  following  results : 

1.  With  the  weakest  current  that  caused  muscular  contraction  th*re 
was  opening  contraction  at  the  cathode. 

2.  With  a  current  a  little  stronger  there  was  strong  closing  contrac- 
tion at  the  negative  polt^  and  weak  opening  contraction  at  the  positive, 

3.  With  still  stronger  current  there  was  also  weak  contraction  at  the 
opening  of  the  positive  pole. 

4.  \Viih  still  stronger  currents  there  was  a  tonic  contraction  at  the  nega- 
tive poU\  continuing  for  some  time  after  the  contraction  at  the  closing. 

5.  With  a  nmch  stronger  current  the  tonic  contraction  was  more 
vigorous;  the  other  contractions  are  also  increased  in  strength,  and  there 
appeared  a  contraction  at  the  opening  of  the  negative  pole. 

6.  With  tlie  strongest  current  that  can  be  borne,  all  the  other  contrac* 
tions  were  increased  in  strength,  and  there  appeared,  besides,  moderate 
tonic  contractions  at  tlu  positive  pole* 

The  above  results  can  be  verified  only  when  unpolarizable  electrodes 
are  used,  for  with  ordinary  electrodes  the  pain  would  be  far  too  great 
to  be  endured.  The  opening  and  closing  of  the  current  must  be  tnade 
in  the  metallic  part  of  the  connection,  in  order  to  give  it  the  greatest 
possible  suddenness.  Ziemssen  suggests  for  these  experiments  the 
median  and  ulnar  nerves  at  a  point  a  little  above  the  wrist.  At  this 
point  the  epidermis  is  quite  thin  and  the  nerves  saperficiaL  Judging 
from  our  observations,  it  is  impossible  to  reduce  this  subject  to  a  rigid 
mathematical  law.  The  words  "strong**  and  *'weak/'  as  applied  to 
currents,  are  quite  indetinite,  and  the  irritability  of  nerves  varies  in  dif- 
ferent individuals  at  different  times.  It  is  for  these  reasons  that  observ- 
ers differ  in  the  results  of  their  experiments. 

Electro-muscular  Contractility  and  Electro-muscular  Sensibility, — 
The  susceptibility  of  the  muscle  to  contract  under  the  influence  of  the 
electric  current  is  called  electro-muscular  contractility.  The  sensation 
that  accompanies  this  contraction  of  the  muscles  under  the  electric 
influence  is  called  electro-muscular  sensibility.  Electro- muscular  con- 
tractility and  electro- nuiscular  sensibility  vary  in  different  individuals, 
and  in  different  parts  of  the  body.  They  are  greatly  modi^ed  by  dis* 
ease.  This  fact  is  of  great  importance  in  diagnosis  of  paralytic  affec* 
tions. 

In  using  the  terms  electro-muscular  sensibility  and  clcctro-muscular 
contractility,  we  do  not  wish  to  convey  the  idea  that  they  represent  anj 

♦  Op.  cit ,  p.  So. 
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special  nerve-functions,  but  rather  that  the  general  sensibility  of  the 
nerves,  and  the  general  contractile  power  of  the  muscles  may  be  excited 
by  the  application  of  electricity.     The  question,  whether  there  is  any 
special  sense  of  muscular  contractility,  aside  from  the  general  sensibility 
of  the  nerves^  of  the  muscle,  of  the  tissues  that  surround  it,  and  of  the 
bones  and  cartilages  with  which  it  is  connected,  is  one  that  we  are  dis- 
posed to  answer  in  the  negative.   There  appear  to  be  hysterical  cases, 
■  where  the  consciousness  of  muscular  contractility  under  the  electric 
current  remains^  while  the  skin  is  almost  perfectly  anaesthetic ;  and  there 
are  certainly  cases  where  the  muscles  respond  to  the  will,  but  do  not 
respond  to  electricity.    Practically,  therefore,  the  terms  electro -muscular 
sensibility  and  contractility,  especially  the  latter,  with  its  subdivisions 
into  farado-  and  gal vano- contractility,  are  of  great  value  in  electro- 
physiology  and  therapeutics,  and  it  appears  to  us  are  perfectly  legitimate. 
The  manifestations  of  the  electro-muscular  contractility  and  sensibility 
of  the  muscles  in  the  different  parts  of  the  body  are  modified,  _;fr^/,  by 
the  anatomical  position  of  the  muscles ;  secomlly,  by  the  quantity  and 
distribution  of  the  sensitive  nerves ;  and  thirdly^  by  the  thickness  of  the 
skin  and  adipose  tissue. 

The  muscles  of  the  face,  the  platysma  myoides  and  stern o-cleido- 
mastoid  are,  in  health,  very  sensitive  to  the  electric  influence.  Next 
in  order  of  sensitiveness  to  the  electric  current  are  the  anterior  muscles 
of  the  forearm  and  of  the  inner  side  of  the  thigh.  On  the  other  hand, 
the  muscles  of  the  back  possess  a  much  less  degree  of  electro-muscular 
contractility  and  sensibility,  and  the  posterior  muscles  of  the  forearm, 
and  posterior  and  other  muscles  of  the  thigh  are  much  less  susceptible 
to  the  electric  influence  than  those  of  the  anterior  and  inner  portions  of 
these  limbs.  In  corpulent  patients  it  is  more  difficult  to  atfect  the  mus- 
cles, because  adipose  tissue  is  comparatively  a  poor  conductor.  In 
women  and  children  the  adipose  tissue  is  relatively  more  abundant  than 
in  males  and  adults. 

Increase  of  Temperature  after  Muscular  Contraction. — It  has  been 

ascertained  by  careful  experiments,  that  an  increase  of  temperature 

H  results  from  muscular  contractions  produced  by  the  electric  current 

^P  Increase  of  temperature  in  the  muscles  of  paralyzed  limbs,  after  elec- 

K  tmation,  is  firequently  perceptible  to  the  touch  of  the  operator,  and  the 

H   Bensations  of  the  patient.     We  have  repeatedly  demonstrated  the  same 

f    results  from  faradization  of  the  arms,  the  legs,  the  face,  and,  indeed,  all 

parts  of  the  body.     In  very  many  cases  this  increase  of  temperature  is 

CO  marked  as  to  be  powerfully  appreciated  by  the  patient,  and  entirely 

^rceptible  to  the  hand  of  the  operator.     General  faradization  causet 
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more  oi  less  elevation  of  the  temperature  of  the  body.  This  it 
demonstrated  by  the  sensations  of  the  patient,*  and  by  the  thermom- 
eter. 

It  has  been  showTi  by  Brown-S6quard  and  Lombard  that  excitation 
of  the  nerves  of  the  skin  causes  an  increase  of  temperature  in  the 
linib.f 

The  development  of  heat  is  not  aided  by  increasing  the  strength 
of  the  current  above  the  degree  necessary  to  produce  a  full  contrac- 
tion. It  has  been  demonstrated  that,  in  patients  afflicted  with  trau- 
matic tetanus,  there  is  a  great  increase  of  temperature  that  remains 
for  some  time  after  death* 

Investigations  on  the  effect  of  muscular  contraction  on  temperature 
should  be  made  by  delicate  surface  thermometers.  Some  of  the  super- 
ficial muscles  of  the  forearm  offer  a  good  surface  for  this  experiment 
The  thermometer  must  be  kept  firmly  and  uniformly  pressed  on  tlie 
skin,  and  the  modifying  effect  of  currents  of  cold  air  should  be  guarded 
against.  The  thermometer  should  be  kept  in  situ  about  fifteen  minutes 
before  beginning  electrization,  so  as  to  get  accurately  the  normal  tern 
perature.  Then  the  nerve  tliat  supplies  the  muscle  or  muscles  to  be 
tested  should  be  faradized. 

The  following  investigation  is  from  Ziemssen.J  The  patient  was  a 
strong  man*  who  was  suffering  from  complete  paralysis  of  the  extensor 
muscles  of  the  hand  and  finger  from  nerve  injury.  This  fact  accounts 
for  the  low  temperature  before  faradization. 

Temperature  on  the  forearm,  between  the  extensor  digit  comni- 
ftnd  exten,  carp,  radi.  brev. ; 

The  skin  uncovered , 34-7**  Cent. 

After  4  minutes*  faradization  through  the  radial  nerve  : 

At  opening  of  current 34.8 

I  minute  after  opening  the  current 55.3 

*  5  minutes  '*  **      ., * 55.7 

10       **  "  " 35.35 

"       "  *•  *' 353 

In  the  13th  minute  faradization  was  renewed  for  i  minute : 

Temperature  at  opening  the  current 34.7 

I  minute  after  opening  the  current . . , 35*1 

4  minutes  "  " 35«45 


•  Elutridtat  in  dtr  Mtdtcin^  iS66p  p.  29* 

\  Archives  de  Phytioitfgie^  November  and  December,  1S6S. 


%  Op.  dt   p  90. 


INCREASE  OF  TEMFERATURE  AFTER  FARADIZATION.     I5I 


b  the  6tii  EDtDiite  faradizadoct  was  renewed  far  i  minute : 
Temperature  At  opemng  the  cuirent 


I  miiiute  aAer  opeotiig  the  current , 
5  minutes  "  *• 


55.  J 


^(  general  results  of  all  the  investigations  that  have  been  made  ic 
'^^  depoitmeot  by  Becqaerel,  Breschet,  Helmhott^,  Ziemssett*  AlthaitSi 
«»rfoiirsc!vcs  are  these ; 

'*  ^Vhen  muscles  axe  made  to  contract  under  faradixation  of  the 
fi€n?«s  that  supplj  them  their  temperature  rises. 

^*  This  elevadoii  of  temperature  is  not  necessariljr  accompanied  bj 
^J  ii^crrease  tn  sixe  of  the  vessels^  although  iaradizatioo  usually  increases 
tik  si^e  and  appearance  of  the  vessels  more  or  less. 

3'  1"lic  more  v^orous  the  contraction  and  the  longer  it  is  continued, 
^  b*glicr  the  temperature  rises. 

4  l^f  the  firadLzatioo  be  continued  long  enough  the  temperature  will 
^  *o  tuuch  increased  that  it  can  be  detected  without  difficulty  by  the 
™*J»   and  by  the  sensations  of  the  person  operated  on, 

S-  Mlien  all  the  superficial  muscles  of  the  body  are  Earadixed,  as  in  the 
"™<>d  of  general  faradization,  the  temperature  not  only  of  individual 
^'^^'^^Ica,  here  and  there,  but  also  of  the  whole  body,  rises.  This  fact  we 
^'^  ftpeated  and  demonstrated  by  obser\'ations  made  on  many  varie- 
^  Qf  temperament. 

'^  tiK>rc  accurate  method  of  investigating  this  subject  is  by  means 

^«  thermoelectric  pile  (see  Electro-Physics,  p.6j).     This  instru- 

T^*    15  capable  of  measuring  a  small  variation  in  temperature,  and 

^^    indicates  the  variations  much  more  quickly  than  the  thennom 

^*'-      The  thermo-electric  pile  is  connected  with  a  reflecting  galva 

J^^ter  (see  Electro-Physics,  p*  41).     Ziemssen  gives  the  following  ob 

^^'^tioii  made  on  the  extensors  of  the  forearm ; 

"X'na  OF  Fa&adizatiom.  Deflecttom  of  the  Needle 

MittMia*    Steamds,  OF  the  Gai.vai«oiietee. 

o  15  •-- -.  -  "5 

o  30 ,  +  2-3 

o  4S  .". +  SO 

i  —  ,, ....  -  7.1 

M  —  +19.0 

3  ^  ••- +3^1 

4  --  .....*....•.  +40.a 

»•     - 1:  win  be  observed  that  with  the  increase  in  the  time  of  the  faradiza- 
1^     ^  there  is  greater  and  greater  deflection  of  the  needle,  just  as  thcrt 
^-  rise  of  the  mercury  in  the  ordinary  thermometer. 
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Source  of  Heai  in  Muscular  CmttracHon* — According  to  Hermanni* 

who  has  specially  studied  the  chemistry  of  the  development  of  heal 
during  muscular  contraction,  muscular  work  is  the  result  of  the  decom- 
posit  ton  of  nitrogenous  substances.  Among  the  products  of  this  de- 
composition are  ^  fixed  add^  carbonic  acid^  and  myosine.  Of  these  the 
carbonic  acid  leaves  the  body,  while  the  fixed  acid  and  the  myosine  re- 
main and  are  worked  over  again  in  the  organism.  The  muscles  grow  at 
the  saane  time  that  they  work  and  develop  heat,  and  urea  and  creatine 
are  found  in  the  residuum.  The  muscle  is  restored  by  the  action  of 
oxygen,  an  album inoid»  and  a  non-nitrogenous  substance  m  the  blood. 

All  these  complex  chemical  changes  that  are  excited  during  muscu- 
lar contraction  give  rise  to  heat.  If  the  muscle  is  prevented,  by  me- 
chanical means^  from  contracting,  the  heat  develops  in  it  more  rapidly 
than  when  it  is  free.  This  follows  from  tlie  recognized  law  of  tlie  cor- 
relation and  conservation  of  forces.  The  force  that  does  not  appear  aa 
work  appears  as  heat 

Duration  of  Electro-muscular  Contractility  after  Death, — ^The 
muscles  retain  their  contractility  under  electricity  several  hours  after 
death.  The  length  of  time  that  the  electro-muscular  contractility  is 
preserved  varies  with  different  muscles,  with  different  animals,  and 
probably,  also,  with  the  mode  of  death.  In  order  to  detennine  this 
question,  Dr.  Beard  has  mad©  experiments  on  dogs  and  rabbits,  Dr 
Onimus,t  of  Paris,  has  experimented  on  the  body  of  a  murderer  who 
had  been  guillotined.  He  found  that  the  muscles  of  the  tongue  and  dia- 
phragm were  the  first  to  lose  their  electro-nmscular  contractility.  Next 
came  the  muscles  of  the  face,  among  which  the  masseter  retains  its  ex- 
citability the  longest.  Ttao  and  a  half  Hours  after  death  the  electro 
muscular  contractility  was  lost  in  all  these  muscles. 

In  the  limbs  the  extensor  muscles  first  lose  their  electro -muscular 
contractility,  and  in  about  an  hour  the  flexors  followed.  The  muscles 
of  the  tnmk  responded _/fi/tf  or  six  hmirs  after  deaths  and  the  abdominal 
muscles  longer  still. 

Onimtis  observed  on  the  criminal  what  Dr.  Beard  has  observed  on  dogs 
and  rabbits,  that  when  the  muscle  is  dying  it  contracts  most  noticeably 
at  the  point  where  the  electrodes  are  placed,  and  very  slowly  at  a  dis- 
tance from  the  electrodes ;  and  that  the  muscles  respond  to  direct 
electrization  with  needles  after  they  have  ceased  to  respond  to  the  cur- 
rent when  applied  through  the  sicin. 


I 


I 
I 
I 
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•Morgan,  op.  ctt.^  p.  582  ct  seq. 

\  Le  Mmtvement  Medicate^  Fcb»,  1 873, 
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P-r deviously,  in  January  and  February,  1802,  Aldini,  a  nephew  of 
(*3.1^viini,  obtained  permission  from  the  government  to  experiment  or 
tm-o  criminab  who  were  executed  at  Boulogne,  Immediately  aftet 
<J^^>t:H  the  bodies  were  submitted  to  powerful  galvanic  excitation.  The 
ttiiis<iles  of  the  face  contracted  vigorously  in  such  grimaces  as  to  frighten 
^^  assistants.  The  limbs  were  violently  convulsed,  and  the  bodies 
a'C:te<i  as  though  they  would  rise  again  to  life. 

A.t:  Glasgow,  Ure  made  similar  experiments  on  the  body  of  a  crimi- 
naJ  t:l^at  had  been  on  the  gallows  one  hour.  The  applications  were  made 
^o  title  spinal  marrow,  the  phrenic  nerves,  and  the  intercostal  muscles. 
A^cciording  to  the  position  of  the  electrodes  the  body  was  bent  forcibly 
oa^olc:,  the  chest  rose  and  fell  as  in  the  act  of  breathing,  and  the  various 
etnot^ions  of  rage,  terror,  despair,  were  depicted  on  the  countenance. 
Ork^     of  the  spectators  fainted,  and  several  were  obliged  to  leave  the 

-^^^ectrO'Physiological  Anatomy. ^El€ctro-physiologic<U  anatomy  treats 
^^  ^^e  physioiogUal  action  of  muscles  under  the  influence  of  the  electric 
^^^^^^^^nt  applied  in  such  a  way  as  to  produce  contractions. 

^*l^c  contraction  observed  in  an  individual  muscle,  when  submitted  to 

™^    influence  of  the  electric  current,  closely  resembles  the  contraction 

*  ^t>.«  same  muscle  when  under  the  influence  of  the  will 

t>i2chenne  was  the  first  to  investigate  this  subject  systematically,  and 

Mis    researches  have  done  much  to  modify  the  accepted  views  concerning 

"^     Functions  of  certain  muscles. 


hi? 


Those  who  desire  a  more  complete 
of  his  views  than  is  given  in  the  following  brief  r^x//jw^,  we  refer  to 
*^    "Mrritings.* 

-^^^itscles  of  the  Face — Electro-physiognomy, — ^This  name  has  been 
,f*l-*lied  to  the  study  of  character   and   expression,  through  localized 


^-<3l2ation  of  the  muscles  of  the  face.     By  means  of  small  electrodes 


^    ^rtirrent  can  be  localized  so  as  to  produce  contractions  even  in  the 

.^/^"llest  musdes.     For  these  experiments  a  recently  dead  subject  has 

^*^    advantage  over  the  living  man,  that  in  the  case  of  the  latter  con- 

^^P^^trjons  produced  by  the  current  would  be  complicated  and  interfered 

*^  by  involuntary  movements. 

"^^-ccording  to  Duchenne,  who  has  chiefly  investigated  this  subject,  the 

>,^  i^  1* Electrisation  Loc^is^e  et  dc  son  Application  4  Ja  Pathologic  ct  i  la  Thfrm- 
^^^i«<jue.  Paris*  t86t.  Also,  Mtchanisme  dc  la  Physionomie  Humaine,  ou  Analyse 
^J^^^^^fO-physiolo^que  dc  I'  Expression  des  Passions  applicable  i  la  Pratique  dcs  Arti 


\ 


^ique^     Paris,  1863,     This  work  contains  photographic  representations  of  the 
^^**^us  ap])eimnces  tA  the  face  under  electrization  of  the  differeDt  muscles.     These 
^^*t^cigrapl»  are  frequently  referred  to  by  Dai  win  ia  his  worlt  on  Exp^tssion^ 
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fratUalis  muscle,  when  a  little  contracted,  expresses  pleasure ;  whe« 
more  contracted,  astonishment  or  doubt;  when  strongly  contracted" 
with  other  muscles,  terror. 

Contraction  of  l\\^ pyramidalis  nasi  expresses  sadness;  of  the  cffr^ 
rugator  superciiiit  contemplation  ;  of  the  orbicularis palbebrarumy  con- 
tempt. Contraction  of  these  two,  united  with  the  pyraniidalis  naa, 
gives  ^  hateful,  malicious  expression*  Contraction  of  the  trianguhfM 
nasi  expresses  lust ;  of  the  tygomaiicus  major ^  various  degrees  of  niirth; 
of  the  zygomaiicus  mitwr^  melancholy ;  of  the  platysma  myoides,  hypo 
critical  laughter;  of  the  p/a/ysma  myoidesj  pain.  Contraction  of  the 
platysma  my o ides  Sind  frontalis  gives  an  expression  of  terror.  Contrac- 
tion of  the  platysma  my  o  ides  and  pyramidal  is  expresses  rage.  United 
contraction  of  the  zygomaticus  major  and  frontalis  produces  an  ex- 
pression of  agreeable  surprise.  Contracdon  of  the  buccinator  indicate! 
age,  by  making  furrows  in  the  cheek. 

Contraction  of  the  levator  alae  and  labii  super ioris  causes  anon- 
pleasant  expression,  such  as  a  child  exliibits  when  about  to  cry  ;  contrac- 
tion of  the  triangularis  oris  gives  an  expression  of  sadness  or  disgust 

Contraction  of  the  external  fibres  of  the  orbicularis  oris  gives  tbc 
lips  a  position  of  whistling  or  kissing ;  contraction  of  the  internal  fibre* 
of  the  same  muscle  compresses  the  lips  against  the  teeth. 

Muscles  of  the  Upper  Sxtremity, — The  contractions  resulting  from 
electrization  of  the  extensors  of  the  fingers  give  to  the  hand  a  peculiar 
appearance. 

The  first  phalanges  not  only  become  extended,  but  are  spread  apart, 
while  the  last  two  phalanges  become  flexed. 

The  metacarpus  forms  an  angle  with  the  forearm,  and  in  this  condi- 
tion the  hand  resembles,  to  a  certain  extent,  a  bird's  claw. 

Electrization  of  the  extensor  digiti  minimi  proprius  separates  the  lit^ 
tie  finger  from  its  neighbor,  while  contraction  of  the  extensor  indicis 
proprius  brings  the  index  and  middle  finger  together.  By  the  raetho* 
of  localized  electrization  the  adductors  and  abductors  of  the  fingcrs» 
and  the  interossei  and  lumbricales,  are  found  to  act  not  only  in  draw* 
ing  these  members  together  and  separating  them,  but  also  in  extendinj 
the  second  phalanx  of  the  thumb  and  the  second  and  third  of  the  other 
fingers. 

\     The   flexor  pollicts  brevis   is   concerned   in   extending   the  second 
phalanx  of  the  thumb,  as  well  as  in  flexing  the  first. 

So  long  as  the  arm  is  in  its  natural  position,  the  supinator  longus  ba* 
no  function  to  perform  ;  it  is  only  when  the  forearm  is  prone  that  ics^ 
l>eculiar  action  is  manifest. 
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h  paralysis  of  any  one  of  the  above  muscles,  it  is  readily  seen  thai 
tJ.eol»cfvation  made  concerning  their  function  is  correct 

For  example  :  if  the  adductor  longus  and  extensor  brevis  pollicis  be- 
come paralysed,  the  metacarpal  bone  of  the  thumb  is  addiicted.  If  the 
^ttcnsor  longus  poUicis  is  paralyzed,  the  thumb  is  incUned  towards  the 
metacarpus,  although  its  movements  are  not  markedly  impaired  if  the 
ertcusar  brevis  and  adductor  longus  are  strong. 

Electrization  of  the  deltoid  not  only  raises  the  npper  arm,  but  also 

*cry  perceptibly  changes  the  position  of  the  scapula.     The  external 

4r»gieof  the  shoulder-blade   becomes  depressed,  the  internal  angle  is 

^cvated,  while  the  distance  between  its  postenor  spinal  border  and  the 

^  is  slightly  increased.     In  paralysis  of  the  deltoid  the  arm  hangs  by 

^«e  si(Je  almost  completely  helpless.     The  muscle  is  composed  of  three 

*^tinct  groups  of  fibres,  and  the  degree  of  paralysis  depends  upon  the 

"•^^bcr  of  groups  or  special  group  involved. 

*^he  pectoralis  major  and  !atissimus  dorsi  muscles,  although  situated 

'^  the  most  part  on  the  trunk  of  the  body,  are  especially  useful  in 

^'^ting  in  the  movements  of  the  arm. 

Muscles  cf  the  Trunks — When  all  of  the  fibres  of  the  trapezius  are 
WOiiijtted  to  electric  excitation,  the  shoulder-blade  becomes  elevated* 
^  posterior  border  approaches  the  median  line,  the  shoulders  are 
'^Wn  backward,  and  the  head  is  thrown  slightly  forward  and  toward 
^^  opposite  side.  Like  the  deltoid,  the  trapezius  is  made  up  of  three 
*^ts  of  fibres. 

'Vhen  the  superior  set  is  electrized  the  head  turns  toward  the  side 
Stated,  and  the  face  looks  toward  the  opposite  side. 

The  middle  set  of  fibres  elevates  the  shoulder-blade,  while  by  the 
^^tion  of  the  lower  set  its  inner  angle  is  depressed,  and  its  posterior 
"^t"<2cr  is  drawn  toward  the  median  line.  In  complete  paralysis  of  the 
'^^pczius  the  follomng  symptoma  are  manifest :  The  back  is  rendered 
'^Oadcr,  on  account  of  the  scapula  removing  slightly  from  the  spinous 
pf  ocesses ;  the  shoulder  becomes  depressed,  and,  on  account  of  the 
*t>3<nce  of  steady  support  for  the  arm,  its  movements  are  rendered  difii 
^^It  Electrization  of  the  rhomboideus  major  and  minor  muscles  ele- 
^^tes  the  scapula  and  slightly  turns  it  on  its  outer  angle. 

^f  the  current  be  sufficiently  intense^  the  lower  angle  of  the  scapuL* 
^PVoachcs  nearer  to  the  spinous  processes  than  the  inner, 

^  the  rhomboideus  muscles  are  paralyzed,  the  scapula  removes  itself 

•oinewhat  from  the  walls  of  the  thorax,  the  skin  between  the  shoulder- 

made  and  the  spine  appears  in  folds,  and  tlie  lower  angle  of  the  bone  ig 

^^**  n  forward  and  outward,  on  account  of  the  action  of  the  serratus' 
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amicus  major.  By  excitation  of  the  serratus  anticus  major  the  scapuli 
is  drawn  forward  and  outward,  so  that  the  space  between  its  posterioi 
border  and  the  spine  is  doubled  The  posterior  border  is  pressed 
against  die  ribs,  while  the  anterior  border  is  markedly  removed  from 
them* 

When  the  muscle  is  paralyzed  the  shoulder-blade  sinks  but  little,  so 
long  as  the  arm  hangs  motionless  by  the  side ;  but  as  soon  as  it  is 
moved  from  the  body  the  posterior  border  and  under  angle  of  the 
scapula  are  lifted  from  the  thorax,  while  the  anterior  approaches  it  more 
closely.  In  complete  paralysis  of  the  serratus  anticus  the  movements 
of  the  arm  are  much  impaired. 

A  single  external  intercostal  muscle  may  be  electrized  by  pressing  a  I 
hmall  electrode  against  the  lower  border  of  one  of  the  upper  ribs,  neat  ] 
the  origin  of  the  serratus  magnus  muscle. 

The  individual  abdominal  muscles  are  readily  influenced  by  electric  | 
excitation. 

Electrization  of  the  rectus  muscle  so  stretches  and  draws  it  inwanl| 
that  the  abdominal  wall  becomes  flat.  Irritation  of  the  external  oblique  | 
expands  the  abdomen  laterally. 

If  we  electrize  the  transverse  abdominal,  powerful  transverse  con* 
tiuctions  of  the  abdomen  follow.  When  both  phrenic  nerves  are  sob- 
milted  to  electric  excitation,  powerful  and  frequent  contractions  of  tht 
diaphragm  are  produced.  An  increased  amount  of  air  rushes  into  the 
lungs,  on  account  of  the  capacity  of  the  thorax  enlarging  through  the 
descent  of  the  diaphragm,  and  the  moving  outward  of  the  false  ribs. 
Atrophy  of  the  diaphragm  causes,  during  inspiration,  a  depression  of 
the  epigastrium  and  abdominal  walls,  while  the  thorax  expands  as 
usual. 

Afusdes  of  the  Lower  Exfremifies,—ElGCtrtc  excitation  reveals  the 
fact  that  flexion  and  extension  of  the  foot  cannot  be  produced  by  the 
flexor  or  extensor  muscles  alone,  since  these  muscles  tend  to  abduct 
and  adduct  as  well  as  flex  and  extend.  The  flexors  and  extenson. 
cause  direct  flexion  and  extension  only  when  they  act  in  conjunctio 
with  certain  other  muscles. 

Tlie  movements  of  the  foot  are  controlled  by  four  sets  of  mus 
These  are : 

The  tibialis  anticus,  which  at  the  same  time  flexes  and  adduct 
foot— the  flexor  adductor  muscle,  the  extensor  digitomm  commu 
longus  and  extensor  hallucis,   which  flex  and  abduct   the   foot — the 
flexor  abductor. 

The  gastrocnemius  solius  and  tibialis  posticus,  which  extend  and 
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lact  the  foot — the  extensor  adductor,  and  the  peroneus  longus  ind 

which  extend  and  abduct  the  foot — the  extensor  abductor- 
Electrization  of  the  tibialis  anticus,  or,  in  other  words,  the  flexor  ad» 

ductor  muscle,  not  only  extends  and  adducts  the  foot,  but  lifts  the  inner 

border  of  its  upper  portion  as  well* 

Electrization  of  that  group  of  muscles  called  the  flexor  abductor,  be* 

sides  flexing  and  abducting  the  foot,  extends  the  four  last  toes,  lifts  the 

outer  border  of  the  foot,  turns  the  sole  outward,  and  bends  the  great 

toe 

Pes  equinus  may  result  from  the  stronger  action  of  the  extensors, 
If  the  flexor  abductor  group  become  paralyzed,  the  movement  of  the 

el  is  reversed — the  sole  turning  inward  and  the  anterior  portion  turn- 
upward 

Electrization  of  the  extensor  adductor  group  so  extends  and  adducts 
Jhr  foot  that  the  heel  is  directed  outward  and  the  great  toe  inward.  The 
Kst  phalanges  of  the  toes  become  extended,  and  the  last  flexed,  giving 
to  them  the  form  of  claws. 

Electrizadon  of  the  extensor  abductor  so  extends  and  abducis  the 
foot  that  the  internal  malleolus  becomes  decidedly  prominent  through 
the  sinking  of  the  inner  border  and  the  elevation  of  the  outer  border 
of  the  foot.  Paralysis  of  this  last-named  group  of  muscles  produces  in 
the  course  of  time  what  may  be  termed  a  flat  foot.  This  results  from 
the  disappearance  of  the  arching  of  the  foot. 

In  consequence  of  paralysis  of  the  extensor  adductor  the  foot  natu- 
laliy  becomes  abducted,  the  arch  of  the  dorsal  surface  is  increased,  and 
instead  of  the  flat  foot  above  mentioned,  we  have  a  very  decided  hollow- 

\oat  of  the  plautar  side. 
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nearly  closed.      When  the  electrodes  are  removed  this  constriction 

iJowrlYiiisappears,     These  phenomena  are  seen  both  in  the  large  and 

STriixll  intestines  and  in  the  rectum.    The  duodenum  responds  most  read 

v\y,  the  rectum  and  colon  less  so.     These  phenomena  are  more  or  less 

modified  by  the  condition  of  the  animal,  whether  living  or  dead,  and 

whether  recently  or  long  killed.     This  fact  of  electro-physiology,  which 

has    \yttn  frequently  demonstrated  on  animals,  is  very  suggestive  in  a 

:tical  point  of  view.     The  value  of  electricity  in  constipation  is,  in 

of  these  observations,  partially  explained 

^/^^.— WTicn  the  spleen  of  certain  animals,  living  or  recently  killed, 

the  dog,  is  submitted  to  the  action  of  a  tolerably  strong  current, 

ither  faradic  or  galvanic,  a  visible  drawing  and  contraction  through- 

ut  the  entire  extent  of  the  organ',  not  only  where  the  electrodes  are 

plied,  but  between  them  and  beyond  them,  in  ever)^  direction,  there  is 

lifest  shrinking  of  the  tissues,  with  change  of  color.    This  fact,  which 

as  been  disputed  by  some  physiologists,  we  have  demonstrated  in  a  vari- 

lety  of  experiments.     The   phenomenon  is  not   so   noticeable   in   the 

I  spleen  of  the  rabbit  as  in  that  of  a  dog,  and  in   order  that  it  may 

occur  rapidly  and  be  easily  seen,  the  current  used  must  be  of  consider- 

*ble  strength.      The  shortening  and  discoloration  of  the  spleen  imder 

eiccirizaiiou  appears  to  be   more  or  less  permanent.      This  physio- 

Wg^cal  fact  suggests  the  query,  whether  the  enlarged  spleen  of  inter- 

wiittent  fever  might  not  be  treated  by  electricity. 

^^iadd^r.—Whcn  the  filled  or  emptied  bladder  of  a  living  or  recently 


killed 


^»^imal  is  acted  on  by  either  current,  of  moderate  strength,  a 


^stblc  drawing  and  contraction  take  place  in  various  directions.     The 
"^^^  *>ecornes  firmer  and  harder,  the  cavity  diminishes,  and  if  it  con- 
^5  |irinc  a  portion  of  it  is  expelled.     This  electro-physiological  fact 
I  w  utilised  in  cases  of  paresis  and  paralysis  of  the  bladder. 

^w/r.^Xhe  uterus  of  animals  and  of  the  human  being  contracts 
Jv^'' ^^le  manner  of  the  intestines,  bladder,  and  other  involuntary  muscles. 

"^^^ver  pole  is  used,  or  in  whatever  direction  the  current  be  applied, 

wutraction  takes  place  whenever  the  current  is  applied,  whether  the 

WU5  i^  ^^  *g  ^^j  ^j^  ^  gravid  condition.    Both  faradization  and  galvani- 

^'^  have  this  slow  contracting  influence  on  the  uterus. 

^  «ie  cKa[)ter  on  Diseases  of  Women,  the  very  interesting  and  im 
'^^^t  practical  applications  of  this  physiological  fact  will  be  pointed 
,  ^  ^  detail.     It  applies  especially  to  the  electrical  treatment  of  me- 
^"*  ^^d  uterine  engorgements. 

Y^ters. — The  ureters  are  constricted  and  shortened  by  electrization, 
"*^  **  iii  the  case  of  the  uterus,  the  intestines,  and  the  spleen,  die  con- 
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tractions  take  place,  according  to  the  law  of  thetr  physiological  action 
from  the  kidneys  toward  the  bladder,  and  the  contractions  continue  aftei 
the  electrodes  are  removed.  M 

Fas  Dtfercns^EpididymiiSj  and  Tunica  Vaginalis. — ^WTien  the  electric  ■ 
current  is  applied  to  the  vas  deferens,  the  epididymus,  or  the  scrotum, 
they  likewise  contract  after  the  manner  of  the  intestines,  uterus,  and  so 
forth.  The  scrotum  contracts  rapidly,  almost  instantaneously,  under  a 
strong  current,  and  remains  contracted  for  some  time,  as  we  have 
demonstrated  on  rabbits  and  dogs,  and  on  the  living  human  being, 

Gaii'biadder. — ^When  a  current  of  considerable  strength  is  applied  to 
the  gall-bladder  by  pointed  electrodes,  constriction  takes  place  at  the 
points  of  application,  and  the  whole  bladder  tends  to  contract,  and, 
like  the  urinary  bladder,  to  discharge  its  contents.  It  is  not  impossible 
that  a  powerful  current  sent  through  the  liver  of  the  living  subject, 
by  external  applications,  may  cause  contraction  of  the  gall-bladder ; 
and  in  this  way  we  may  in  part  explain  the  value  of  electrical  treat- 
ment in  jaundice. 

(Esophagus, — In  rodents  the  cesophagus  consists  of  striped  muscle 
only  ;  in  birds  it  consists  of  unstriped  muscle,  and  in  man  of  a  com* 
bination  of  both  striped  and  unstriped  muscle.  Both  sets  of  fibres, 
longitudinal  and  circular,  contract  under  the  current,  not  only  at  the 
points  where  the  electrodes  are  applied,  but  through  the  whole  length 
downward  toward  the  stomachs  In  the  treatment  of  dysphagia  this 
foct  may  well  be  considered. 

Heart, — The  effect  of  electrization  of  the  pneumogastric  and  other 
nerves  that  supply  the  heart  has  already  been  considered.  The  effect 
of  direct  electrization  of  the  tissue  of  the  heart  itself  is  not  without 
interest.  Galvanization,  with  currents  of  moderate  strength,  of  the 
heart  of  an  animal  that  has  stopped  beating,  may  cause  a  return  of  its  ^ 
rhythmical  action.  It  has  been  sometimes  observed  that  the  contrac-  ■ 
tions  return  moie  vigorously  in  the  right  than  in  the  left  side.  Accord- 
ing to  our  observation,  in  the  hearts  of  dogs  and  rabbits  much  depends 
on  the  strength  of  the  current  used.  If  a  strong  current  were  directed 
through  pointed  electrodes  to  the  substance  of  a  heart  of  a  dying 
animal,  the  pulsations  are  in  part  arrested,  but  they  recur  as  soon  as 
this  current  is  broken.  These  conclusions  are  based  on  a  large  number 
of  observations.  When  the  heart  has  fully  stopped  it  may  be  restored 
by  a  weak  current,  and  again  arrested  by  a  strong- current. 

Bloodvessels. — ^The  small  arteries  that  contain  considerable  unstriped 
muscle  contract  under  the  current,  after  the  manner  of  the  intestines ; 
that  is,  the  contraction  does  not  appear  instantaneously,  but  a  little 
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^In^     after  the  needles  are  applied  it  goes  on  slowly,  and  after  the 

Dce<M<?s  are  removed  they  gradually  return  to  their  normal  condition.     In 

^*   l^^j^ger  arteries  this  contraction  is  not  so  marked. 

B  Ic    'will  be  observed  that  electricity  acts  on  unstriped  muscular  fibre, 

in  tl^ is  respect  at  least,  very  much  like  ergot.     The  power  of  ergot  to 

coti^tringe  the  blood-vessels  is  the  explanation  of  its  great  value  as  a 

rcDi^^cly  in  spinal  and  cerebral  congestion.     The  efficacy  of  electrization 

m  the  same  affections,  as  well  as  in  sprains  and  various  local  in^amma- 

tions,  may  be  in  part  explained  by  the  same  theory.     This  subject  will 

be  fiiscussed  in  the  chapters  devoted  to  the  Influence  of  Electricity  on 

Nutrition  and  Spinal  Congesdon. 

I  The  above  conclusions  are  based  largely  on  our  own  experiments, 
although  many  of  the  observations  had  been  previously  made  by  various 
physiologists. 
^cre  were,  however,  certain  queries  in  regard  to  the  differential 
action  of  the  poles,  and  of  the  two  currents,  and  of  weak  and  strong, 
on  involuntary  muscle,  that  had  not  been  answered-  These  queries 
*^^  aimed  to  solve  by  a  large  number  of  experiments  on  animals. 
inc  records  of  one  set  of  these  exiieriinents,  noted  at  the  time  by  our 
^t\Q  t)r,  John  Van  Bibber,  of  Baltimore,  are  herewith  presented.  It 
^"1  be  observed  that  the  chemical  and  other  effects  of  the  current, 
"^^*J^s  the  contracting  influence,  are  noted. 

^^periment  i. — The  abdominal  cavity  of  a  good-sized  rabbit  was 

opened,  and  a  medium  faradic  current,  with  needle  electrodes,  was 

*PP^»ecl  to  the  upper  part  of  the  small  intestines.     Contraction  produced 

^^orous  at  the  positive.  A  vermicular  motion  was  also  observed  not 

I      y^^  the  part  within  the  circuity  but  extending  some  distance  beyond 

'  Pole.     The  rabbit  was  fully  undt^r  ether,  and  the  only  other  raus- 

tnovements  were  cardiac  and  respiratory.     The  co!or  of  intes- 

^^^as  normal  and  healthy,  and  was  undisturbed  during  this  operation, 

fc^^Ptriment  2. — A  galvanic  current,  sixteen  cells,  was  now  applied, 
^  'Needle  electrodes,  a  Uttle  below  point  of  first  experiment     There 
^  immediate  change  in  the  circulation  of  the  part.     It  became 
.    ^^t  and  venous  in  its  appearance,  presenting  the  appearance  of  a 
^     The  intestines,  before  so  flaccid  as  to  render  the  insertion  of  a 
^^le  difficult,  became  very  full  and  hard.     The  negative  pole  was 
T^^^  i^  the  tissues,  with  bubbles  of  hydrogen  generated  around  it,  and, 
*     ^c  other  hand,  the  positive  pole  became  very  firm  in  its  insertioni 
^5^  evident  constriction  of  muscular  fibre  around  it. 

he  first  effect,  therefore,  seemed  to  be  congestion,  and  afterward, 
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Experiment^, — On  stomach,  with  galvanic  co.xent,  sixteen  cclli 
In  region  of  positive  pole  the  circular  fibres  arc  much  contracted,  and 
the  same  disintegratiog  effects  of  negative  pole  were  observed* 

Experiment  4.— Faradic  current  on  large  intestine.  Contraction  of 
muscular  fibres  was  observed,  and  thought  to  be  greater  at  positive 
pole. 

Experiment  5, — Faradic  current  on  spleen.  The  smooth  surfisu:c  of 
that  organ  was  soon  corrugated,  tending  to  show  that  the  tissues  were 
contracting  under  its  inJiuence, 

Experiment  6. — Galvanic  current  on  spleen*  Generation  of  hydro* 
gen  at  negative  pole,  also  congested  appearance,  and  after  removing 
needle  very  dark  spot  at  negative  pole. 

Experiment  7, — Faradic  current  on  bladder.  The  bladder  was  par- 
tially filled  with  urine,  and  when  the  current  was  applied  there  wis, 
great  and  immediate  contraction  of  muscular  ibres  and  expulsion  of 
mine. 

Experiment  8. — On  left  kidney,  faradic  current.  Muscle  con* 
tracted,  and  seemed  to  be  permanently  so,  at  least  during  observation. 

Right  kidney,  galvanic  current  Same  effect  at  negative  pole,  dark 
congested  spot ;  but  during  passage  of  current  the  bladder,  which  had 
been  much  contracted  by  faradic  current,  seemed  to  fill  up. 

Experiment  9. — On  Uver.  No  action.  The  rabbit  seemed  to  show 
remarkable  vitality,  and  it  was  necessary  to  renew  ether  very  frequently. 
It  was  determined  then  that  the  electricity  seemed  to  prolong  life,  cveo 
after  it  had  been  so  taxed  by  anatomical  mutilation. 

The  conclusions  from  a  large  variety  of  experiments,  of  which  th* 
d(bove  is  a  fair  illustration,  are  these  : 

I,  Both  currents — faradic  and  galvanic — cause  an  unstriped  musde 
to  contract  in  accordance  with  the  law  of  its  physiological  actioQ.  It 
remains  contracted,  and  after  the  breaking  of  the  current  gradually 
returns  to  its  normal  condition. 

a.  The  time  when  tiie  contraction  begins,  and  the  vigor  with  whidai 
it  continues,  and  the  rapidity  with  which  it  returns  to  its  normal  condL  — 
tion,  after  the  breaking  of  the  current,  varies  with  the  organ  acted  on 
with  the  strength  of  the  current,  and  with  the  condition  of  the  animi 
acted  on,  whether  living,  dying,  recently  or  long  dead. 
I     3.  The  positive  pole  has  a  more  powerful  contracting  influence 
unstriped  muscles  than  the  negative.     The  differential  action  of 
poles  is  seen  in  both  currents,  but  is  more  decided  with  the  galvanic 
This  fact  we  were,  we  believe,  the  first  to  discover.     This  fact  of  th< 
more  potent  action  of  the  positive  pole  on  unstriped  muscle  is  of  con- 
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signification  In  the  treatment  of  engorgements  of  the  uterus 
etc     It  will  be  discussed  in  the  chapter  on  Diseases  of  Women. 

4.  Unstriped  muscles  can  also  be  made  to  contract  by  faradiiation 
or  galvanization  of  the  nerves  and  nerve -plexuses  that  supply  them — 
iDciirect  electrization. 

5.  The  behavior  of  the  different  organs  that  are  supplied  with  un 
stnped  muscles  under  electrizadon  depends  on  the  relative  amount  of 
muscle  in  their  tissues.  The  intestines,  the  scrotum,  contract  rapidly 
and  vigorously ;  the  spleen  and  arteries  less  perceptibly  and  more  slowly. 

The  liver  and  lunga  do  not  apparently  contract  under  eitlier  currenL 
"Tlie  electrolytic  action  of  the  current  is  observed  in  these  organs,  as 
in  all  other  tissues* 

6*  The  differential  reaction  of  voluntary  and  involuntary  muscle  to 
the  current  is  mainly  a  matter  of  degree.  Both  kinds  of  muscle  con- 
tract in  accordance  wnth  the  law  of  their  physiological  action,  under 
both  currents,  and  both  return  to  their  normal  condition ;  but  involun- 
tary muscle  returns  very  slowly,  while  voluntary  muscle  returns  rapidly^ 
almost  instantaneously.  When  voluntary  muscles  have  become  greatly 
exhausted  through  fatigue  or  death,  they  behave  very  much  like  invoV> 
untarv  muscles. 


CHAPTER  IX* 


ACTION  OS  ELECTRICITY  ON  THE  BLOOD. 


The  action  of  the  gahanic  curreot  on  the  blood  is  a  subject  lo 
which  we  have  given  at  different  times  considerable  attention.  6k  o<) 
coagulates  so  qyickly  after  leaving  the  living  body,  that  the  action  of 
electricity  upon  it  can  only  be  studied  with  satisfaction  when  the  elec 
trodes  are  placed  within  an  artery  or  vein,  or  in  a  current  of  blood  as 
it  flows  from  the  wounded  blood-vessels  before  the  process  of  coagula- 
tion has  set  in.  We  have  experimented  on  blood  with  the  gal- 
vanic current  in  both  ways. 

When  the  needles  connected  with  the  poles  of  a  galvanic  battery  are 
inserted  into  the  feebly  tiowing  blood  of  a  wounded  animal,  electroly- 
sis at  once  takes  place  with  differential  polar  action  of  a  striking  char- 
acter. At  the  positive  pole  a  small,  firm,  and  dark  clot  forms,  thai 
adheres  closely  to  the  needle,  especially  if  it  be  steel  that  is  readily  oxi- 
dized. At  the  negative  pole  a  larger,  soften  lighter,  yellowish  clot 
forms,  with  a  miicture  of  foam  or  froth  from  the  bubbles  of  hydrogen. 

If  the  current  be  strong,  and  the  operalion  protracted,  the  positive 
steel  needle  will  become  either  destroyed  by  oxidization  or  greatly 
reduced  in  size. 

From  the  above  it  will  be  seen  that  the  action  of  electricity  on  the 
blood  is  mainly,  if  not  entirely,  of  a  ckemkai  character — in  a  word, 
tUctrolysis^  or  electro-chemical  decomposition,  Golubew  and  Burdon- 
Sanderson  have  studied  the  effect  of  faradization  on  the  blood -corpuscles 
under  the  microscope,  and  Rollet  and  Neuman  have  studied  the  same 
under  the  influence  of  the  galvanic  current  It  has  been  shown  that 
the  red  corpuscles  of  the  blood  are  discolored  by  the  alkalies  of  the 
negative  pole,  and  caused  to  shrink  by  the  acids  at  the  positive  pole. 
Under  the  discharges  of  the  Ley  den  jar  the  red  corpuscles  change  their 
shape  and  lose  their  color. 

March  rath  and  24th,  1S71,  Dr,  Beard  made,  with  Dr.  E.  L.  Keyes, 
a  number  of  experiments  on  dogs,  in  order  to  determine  the  differen- 
tial action  of  the  poles  in  producing  a  clot.     One  method  of  ex 
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pcrinienting  was  to  etlierize  the  animal,  open  the  abdomen  through 
the  Jinea  alba,  and  expose  the  aorta,  into  which  needles,  insulated  with 
fcard  rubber  up  near ,  to  their  points,  and  connected  with  b6th  poles, 
wre  introduced  In  some  cases  the  artery  was  constricted,  in  others 
fiot.  We  condense  the  record  of  the  experiments  from  the  published 
stacements  of  Dr,  Keyes,^  based  raainly  on  notes  made  at  the  time 
by  the  physicians  who  co-operated  with  us, 

ExpERiJftNT  L — March  17  th.  A.  small  dog  was  etherized,  the 
*bdomen  laid  open  through  the  linea  alba,  and  the  aorta  exposed 
Pt>«ttive  and  negative  needles,  insulated  (imperfectly)  with  hard  rubber^ 
■"^^■^  introduced  into  the  aorta  about  one  inch  apart.  Both  needles 
^en;  of  steel,  gold  plated  at  the  points.  The  negative  needle  was  acci- 
dentaJlj  ran  through  the  artery,  and  emerged  into  the  muscle  beneath. 
*^^  Current  from  sixteen  cells  of  a  Stohrer^s  battery  was  passed  for  ten 
'***ntites.    The  artery  was  not  compressed.     Blood  flowed  through  it  at 

^e^MgU, — Bloody  foam  surrounded  the  negative  needle,   the  blood 
<^T»ergi  ng  from  the  artery.     Needle  loose.     It  dropped  out,  the  blood 

'^^^sitive  needle  adherent  to  arteiy,  requuing  a  little  force  to  pull  it 

^^y^      Artery  was  cut,  before  the  needle  was  removed,  to  look  for 

*^^         No  clot  discovered  in  the  vessel.     A  little  black  material  was 

^^ttd    adherent  to  the  wall  of  the  artery,  and  to  the  positive  needle  at 

^  Point  of  entrance.    The  lining  membrane  of  the  artery  was  altered 

discolored,  wherever  either  needle  had  touched  it,  over  a  space 

^  ^   one  and  a  half  line  in  diameter. 


^     ^«*ERiMENT  IV. — Medium-sized   dog   etherized.     Positive   needle 
^^i'Tium),  insulated  with  hard  nibber,  was  placed  in  the  artery.     Ncga- 


(Pl 

— ,        "Needle  (platinum )♦  insulated  with  shellac,  in  muscles  near  the  spine. 

^.  ^^t:<;cn  cells  Stohrer.     Time,  ten  minutes.     Current  of  blood  about 

^^^^fourths,  arrested  through  the  artery,  by  compression  with  thumb 

^  ngers,  one  inch  above  and  below  the  needle. 

J     ^^^^stilL — Firm  black  clot  outside  of  the  vessel  at  point  of  the  erv 

^e  of  needle,  and  where  the  opposite  wall  was  touched  by  the 

1^      ^le's  point.     Inside — firm,  black  clot,  adherent  to  the  wall,  but  not 

^^   enough  to  obliterate  the  vessel. 

^'^^ning  membrane  of  artery  blue-black,  and  coats  of  ^-essel  adherent 

^    Condensed  at  point  of  entrance  of  needles,  and  where  opposite  wall 

^  \>ccn  touched     Needle  not  much  acted  upon.     A  little  flake  of 
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hard  rubber  came  r  ff,  and  was  left  attached  to  the  clot.     A  few  bubbles 
of  oxygen  escapee*,  from  the  vessel  alongside  the  needle. 

Experiment  VII, — Positive  needle  gold,  norvinsulated.  Negative 
needle  steel,  non  insulated.  Both  in  vessel.  Sixteen  cells.  Time 
ten  minutes. 

Result — Clot  same  at  the  positive  pole  as  in  Experiment  IV.,  but 
action  on  lining  membrane  was  much  less  than  in  that  experiment. 
Gas  escaped  at  negative  needle.  No  clot  at  negative  needle.  Artery 
compressed  only  below,  circulation  arrested. 

Experiment  XI.^Renal  artery  of  dog  was  cut,  and  blood  allowed  to 
flow  into  peritoneal  cavity.  As  it  flowed,  negative  and  positive  steel, 
non  insulated  needles,  connected  with  eighteen  cells,  were  dipped  into 
it  Action  commenced  at  once.  A  dark  clot  formed  about  positive 
needle,  and  a  light  foam  around  negative.  At  the  end  of  one  minute» 
at  the  positive  needle,  a  black  clot  had  formed,  a  quarter  of  an  inch  in 
diameter,  dense  enough  to  be  lifted  out  of  the  fluid  on  the  point  of  the 
needle^  and  to  sustain  its  own  weight  At  negative  needle  there  was  a 
spumous  yellow  mass,  which  could  be  lifted  in  part  from  the  blood  on 
the  needle* s  point,  but  which  had  no  consistence  whatever. 

The  experiments  were  continued  with  Dr  Keyes,  at  the  slaughter- 
house, the  needles  being  placed  in  the  warm  blood,  as  it  flowed  from 
the  arteries  of  dying  animals.  These  experiments  were  performed 
under  great  difficulties,  and  at  some  risk  of  being  kicked  by  the  expiring 
bullocks,  and  did  not  therefore  lead  to  any  important  results. 

Blood  coagulates  so  quickly  after  it  leaves  the  body  that  when  we 
wish  to  determine  the  chemical  action  of  the  electric  current  on  it,  it  ia 
necessary  to  introduce  the  needles  into  the  vessels  of  theUving  animal, 
or  into  the  blood,  just  as  it  is  flowing  from  the  vessels. 

,  During  the  winter  of  1873  Dr.  Beard  made,  with  the  assistance  of  Dn 
J.  H.  Raymond,  similar  experiments  on  dogs  and  rabbits.  The  animals 
were  etherized,  cut  open,  and  the  needles  (platinum)  inserted  into 
different  arteries  and  veins.  In  some  cases  also  the  arteries  were  rup- 
tured, and  the  needles  were  introduced  into  the  pool  of  blood  before  it 
had  time  to  coagulate. 

The  conclusions  in  regard  to  the  electro-coagulability  of  the  blood, 
to  which  we  have  been  led  by  these  repeated  experiments  on  animals 
and  on  men  are  these  : 

1.  Both  poles  of  the  galvanic  current  cause  a  clot  in  blood,  eithet 
running  in  an  artery  or  vein,  or  freshly  drawn,  and  stationary. 

2.  The  positive  clot  is  black,  hard,  and  small ;  the  negative  clot 
IS  h'ght,  soft,  and  bulky. 
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J.  These  clots  are  the  result  of  the  electrolytic  action  of  the  current, 
mth  the  evolution  of  oxygen  and  hydrogeni  of  acids  and  alkalies,  and 
cheir  subsequent  combinations. 

4*  The  largest  clot  and  most  satisfactory  observation  in  an  artery  if 
caused  when  both/a/es  are  placed  within  the  blood-vessel  and  near  ta 
gether.  The  reason  of  this  is,  that  when  the  poles  are  near  together  in 
the  blood,  the  resistance  is  very  much  less  than  when  one  of  the  poles 
is  00  the  surface, 

5.  In  order  to  produce  a  firm  clot  of  sufficient  size  to  obstruct  a 
Urge  artery,  strong  currents — from  20  to  40  cells — are  required,  anc* 
quite  protracted  stances.  The  process  of  coagulation  under  the  cur 
rent  is  comparatively  a  slow  one. 

6,  Electro- coagulation  in  a  blood-vessel  is  aided  by  any  compression 
that  impedes  the  rapidity  of  the  How  of  the  blood.  The  slower  the  cur- 
TCTit  runs,  the  more  rapid  and  firm  the  coagulation.     Small  and  recent 

dots^  especially  those  connected  with  the  negative  pole,  may  possibly 
be  washed  off.  The  practical  bearings  of  these  conclusions  on  the 
electrical  treatment  of  aneurisms  will  appear  in  the  section  on  Electro- 
Surgery. 
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The  chief  constituent  in  the  human  body  is  water,  which  is  about 
three-fourths  of  its  average  weight.*  The  saline  constituents  which  the 
water  holds  in  solution  vary  in  quantity  and  quality  in  the  different 
tissues  and  the  different  parts  and  organs  of  the  body. 

The  conductibility  of  the  body,  as  a  whole,  may  be  best  understood 
by  regarding  it  as  a  mass  of  water  and  saline  ingredients,  with  solid 
tissue  interspersed.  The  degree  of  resistance  to  the  current  that  differ- 
ent parts  of  the  body  offer  will  therefore  depend  on  their  structure. 
Those  parts  which,  like  the  bones  and  epidermis^  contain  little  water, 
will  offer  a  much  greater  resistance,  and  be  poorer  conductors,  than 
those  parts  which,  like  the  muscles,  nerves  and  tendons,  and  carti- 
lages, contain  a  large  percentage  of  water.  Soft  parts,  like  the  stomach, 
intestines,  and  mucous  membranes  in  general,  offer  comparatively 
little  resistance,  because  they  contain  so  large  a  percentage  of  saline 
solutions.  Saline  solutions  conduct  better  than  simple  water,  and 
warm  saline  solutions  conduct  better  than  those  which  are  cold. 

The  human  body,  as  a  whole,  conducts  electricity  fifteen  to  twenty 
times  better  than  pure  cold  water,  provided  the  skin  is  thoroughly  moist* 
ened.  If  owes  this  superior  conductibility  to  the  warm  saline  solutions 
which  it  contains.  According  to  recent  experiments  by  Richardson, 
the  blood  is  the  best  conducting  material  of  the  body* 

Percentage  of  Water  in  the  Tissues. — To  ascertain  the  relative  pro- 
portion of  water  in  the  different  tissues  of  the  body  is  a  subject  that 
has  occupied  a  number  of  observers.  The  results  of  the  different  inves- 
tigations do  not  agree  mathematically,  for  the  reason,  partly,  that  indi- 
viduals differ  in  the  water-holding  capacity  of  their  tissues,  as  in  all 
other  respects. 

The  following  table  \  gives  at  a  glance  the  results  of  the  different 
investigators  : 

♦  Pereira,  Food  and  Diet^  Am.  cd.,  p.  39, 

f  Ziemssen,  Die  Electrititat  in  der  Medicin^  vierte  ganx  umgearbettete  A»fliige 
Erstc  Halfte,  pw  18.     1S73. 
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Adults. 


B(oo<^ 

Gny  Mmtltf  of  tlic  bndn, . 

On.'y    matter  of  spmal  cord 

Whi|L'tLj«     *'        **        **  ** 


8as 
(E.  Bbrhoff) 
85.0  1 
)[    77- 


(Lassaig)  j 
730    (i 

(Lassaig)  J 
71.0 

(U  Herit) 

(Von'Bibra)^ 

77-0            39-68-- • 
(Ranke)         (VonBibm) 
**»^^<=ie 81.2-S4.8 


3     . 
(Ranke) 


70.8     . 
(Rankc) 


i  nuitter. 


li^, 


^^* 


^  (  cornea  . , , 

^^**ioective  Ussat  <  skin 

{Udirkaut, 

parietal 


(Ranke) 

76.1  ,  . 
(Von  Bibra) 

70.4  ... 
(Schultze) 

S0.9  . . , 
(Ranke) 

75.8  •.- 

(Hb) 

57*5* 
(WienhoU) 

14-16 

(Frietllebcn) 


New-born  cIuIf 
dren, 

85,0 
(Biscboflf) 

88. 6 
(Bischoft) 


81,8 

(Bisdiofl) 

64-5 
(Von  Bibra) 

87.8 
(Bischoff) 

82,5 
(Oidmami) 


(Ranke) 


18-29 

(Friedlebco) 


«»»- 


'^'H  examination  of  the  above  table  shows  clearly  these  two  facts  i 
^  *-  The  percentage  of  water  in   the  different  tissues  of  the  human 
^^^y,  excepting  the  skin  and  bones,  is  almost  uniform — ranging  be- 
'''^^cn  70  and  90.     The  percentage  of  water  in  the  skin  is  almost  two- 
^^^ds  as  great  as  in  the  brain,  spinal  cord,  and  nerves.      In  the  bones 
^  percentage  of  water  is  one-fifth  that  of  the  soft  tissues. 
^.  There  appears  to  be  more  water  in  the  tissues  of  new-born  chil- 
^n  tlian  in  adults.     The  difference,  however,  is  but  trifling. 
Investigations  of  a  similar  character  have  been  made  on  the  tissues  of 
^^en,  dogs,  frogs,  cats,  hares,  and  rabbits  ;  the  results  do  not  differ  mate- 
^•^lly  from  those  obtained  on  the  tissues  of  human  beings. 
^       Compared  with  a  number  of  metallic  substances,  the  human  body 
^^  an  exceedingly  poor  conductor.     Thus  it  has  been  estimated  that 
^^^ppcr  is  several  thousand  million  times  a  better  conductor   than  the 
*Xuman  body. 

Dr.  C,  K  Radcliffe  made  three  experiments,  in  which  he  measured  the 

Resistance  of  nerve,  tendon,  and  muscle,  as  nearly  of  the  same  shape 

^nd  size  as  possible.     The  pieces  were  taken  from  tlie  sciatic  nerve, 

the  tendo-Achillis,  and  the  adductor  longus  of  a  recently  killed  rabbit. 

He  found  the  mean  resistance  of  one  inch  of  the  sciatic  Derve  to  be 


170 


ELECTRO-PHYSIOLOGy. 


40,000  units  (see  p.  66)— that  is,  about  eight  times  the  resistance  of  the 
Atlantic  cable;  of  the  tendon,  38,000  units;  and  of  the  muscle^  12,000 
units.* 

Bones  and  Skin  poor  Conductors. — ^It  should  never  be  forgotten  that 
the  epidermis,  in  a  dry  state,  is  a  poor  conductor.  In  practice  thii 
resistance  of  the  epidermis  is  overcome  by  thoroughly  moistening  it. 
The  hair  and  nails  are  also  poor  conductois.  In  making  applications  to 
the  top  of  the  head  it  is  necessar)'  ro  thoroughly  moisten  the  hair.  The 
bones  contain  less  water  than  the  soft  parts,  and  are  consequently  poorer 
conductors.  Soft  parts  which  are  thus  enclosed  in  a  bony  covering  arf 
less  powerfully  affected  than  soft  parts  %vhich  are  not  so  enclosed* 

The  Current  tends  to  take  the  shortest  Way  between  the  Electrodes.^ 
The  electric  current  always  takes  the  shortest  and  most  direct  course 
from  one  pole  to  the  other,  provided  the  media  intervening  between  the 
electrodes  is  of  a  uniform  conductibility.  WTicn,  therefore,  the  ix}sitive 
electrode  is  applied  to  one  part  of  the  body,  and  the  negarive  to  the 
other,  the  current  would  diffuse  itself  uniformly  between  the  poles, 
provided  the  structures  of  the  body  between  them  were  uniform.  Bat, 
as  has  been  seen^  the  different  parts  of  the  body  vary  widely  in  regard 
to  their  conductibility,— those  which  contain  a  large  quantity  of  saline 
solutions  being  good  conductors,  and,  vice  versd^  those  which  contain 
a  snmll  quantity  being  poor  conductors, — the  difference  of  conductibility 
between  muscle  and  bone  being  nearly  twenty  to  one. 

The  current  does  not  affect  all  parts  alike*  The  extent  to  which  any 
part  is  directly  reached,  when  the  current  is  applied  over  the  surfece, 
will  depend  both  on  its  structure  and  its  situation. 

Soft  parts,  which  contain  a  large  amount  of  water,  like  the  braifli 
spinal  cord,  and  abdominal  viscera,  are  good  conductors,  and  unlcsi 
their  situation  is  unfavorable,  they  are  directly  and  powerfully  aflfected 
by  the  current,  when  applied  to  the  surface  by  means  of  moist  conduct- 
ors.    On  the  other  hand,  bone,  whidi  contains  a  much  less  percentage 
of  water  than  the  muscles  and  soft  parts,  is  comparatively  a  poor  con — 
ductor.    Accordingly,  soft  parts  which  are  partially  or  entirely  encloset^K. 
by  bone  are  much  less  readily  affected  by  external  applications  tbarr^^ 
would  be  the  case  if  they  were  exposed.  ■ 

Another  legitimate  inference  from  the  accepted  theories  of  the  natui*— ^ 
of  electricity,  and  from  what  we  know  of  the  relati%''e  conductivity  O"^" 
the  different  tissues  of  the  body  is,  that  when  electrodes  are  placed  O'M^ 
the  surface  of  the  body  the  current  moves  between  them  in  a  kind  < 
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Ocdulativc  or  wave-like  manner^  extending  on  both  sides  of  the  median 
"''e  between  them  for  a  considerable  distance. 

jfhat  these  theories,  in  regard  to  the  electro-conductivity  of  the  bodfi 
^  sound,  is  proved  in  three  ways  : 
^'   By  experiment  on  the  living  subject 

»*    By  direct  experiment  with  the  galvanoscopic  frog  and  reflecting 
galfanometer  on  the  dead  subject 
3-    By  the  evidence  of  pathological  cases* 

'I*Hat  the  tendency  of  electricity  is  to  take  the  shortest  road  between 
the  electrodes,  is  proved  by  the  foOowing  experiment :  The  two  fore- 
^''^s  are  crossed  so  that  they  touch  each  other  a  little  distance  above 
vit  wrist  Placing  now  one  electrode  on  the  outer  surface  of  each  arm, 
*^^  letting  the  galvanic  current  run,  a  feeling  of  heat  and  pricking  is 
^^K  not  only  beneath  the  electrodes,  but  also,  to  a  less  degree,  at  the 
P^<*f-  mr faces  of  tht  forearms  where  they  touch  each  other.  On  remov* 
*^S  the  electrodes  it  is  observed  that  not  only  the  spots  beneath  the 
'^^^ctrodes,  but  also  the  spots  where  the  arms  touched,  have  become 
^<^dened 

This  shows  that  a  portion  of  the  current  takes  the  shortest  way  from 
^^  electrode  to  the  other,  although  that  road  lies  through  two  layers 
^f  eindermis,  which  is  a  very  bad  conductor. 

A  portion  of  the  current,  in  this  experiment,  goes  up  the  arm,  across 
tae  body,  and  down  the  other  arm. 

In  order  to  ascertain  what  proportion  of  the  current  took  the  route 
across  the  arms,  Ziemssen  *  made  the  following  experiment :  Putting 
one  forearm  over  the  other,  as  in  Erb's  experiment,  he  placed  between 
them  iwo  plates  of  zinc,  connected  with  a  delicate  reflecting  galvanom- 
eter (see  ElectrO'Physics,  page  41),     The  result  of  the  experiment,  when 
*^  elements  were  directed  across  the  arms,  was   a  deflection  of  the 
fleedJe  zl^-'^*     The  same  arrangement  made  on  the  dead  body  gave, 
^''^  lo  elements,  a  deflection  ofS^S*^  ;  with  15  elements,  a  deflection  of 
.^^**  '  ^^  ^^  elements,  28.2**.     On  separating  the  forearm,  so  that 
-  ^  *v^hole  current  must  run  around  through  the  arms  and  body,  he 
.    ^^   that  with  10  elements  there  was  a  deflection  of  15,9^  ;  with  15 
•jw  "^^nts,  a  deflection  of  51,7°  ;  with  20  elements,  a  deflection  of  48.5"^. 
^    ^    conclusion  was  that  in  each  experiment  one-half  of  the  current 
jl^^^^  across  through  the  forearms,  and  the  other  half  up  and  down  the 
^^  ^  and  through  the  body. 
"^^^ndence  of  Paihohgical  Cases, — When  \he  spinal  cord  is  in  a  condi 
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tion  of  health,  a  powerful  current  may  be  ap|)lied  down  the  back  ^itb 
out  discomfort ;  but  m  cases  of  myelitis,  spinal  congestion,  and  otbe« 
morbid  states,  very  marked  and  peculiar  symptoms  are  sometimes  ob- 
served.   We  have  seen  a  case  of  myelitis  when  even  a  very  mild  faradii^ 
current  over  the  spine,  near  the  supposed  seal  of  the  disease,  causeci 
severe  pain  in  the  right  leg  that  continued  for  several  houi^.     Such 
phenomenon  is  never  observed  in  health.     The  fact  tliat  it  does  occur^ 
especially  when  the  electrodes  arc  not  placed   near  any  promineni 
nerves,  shows  very  clearly  that  the  current  affects  the  spinal  cord  in  a 
more  direct  way  than  by  mere  retiex  action. 

The  sensations  of  the  patient,  and  the  results  of  treatment,  also  sho 
that  the  stomach,  liver,  spleen,  intestines,  and  the  genital  organs 
both  sexes,  are  traversed  by  the  current  in  external  applications  of  eithe 
current. 

Experiments  on  Dead  Subject  with  a  Frog  Preparation, — Erb  open© 
the  skull  of  a  dead  body,  took  out  the  brain,  and  covered  the  out- 
side of  the  skul!  with  pieces  of  muscle  about  three-quarters  of  \ 
inch  thick*  Over  the  muscle  pieces  of  skin  were  placed,  and  ov 
the  skin  the  electrodes.  The  skull  was  then  filled  with  the  brain,  i 
such  a  way  as  to  avoid  any  direct  connection  with  the  muscle.  The 
skul!  was  thoroughly  dried,  and  a  prepared  frog  placed  on  the  ccrcb 
matter.  A  y^ry  gentle  current  was  then  let  on^  and  both  on  opemn* 
and  closing  the  frog  contracted  energetically,  showing  that  a  portion  c^** 
the  eleclricity  at  least  passed  through  the  brain.  Branch  currents  nu^p?^ 
also  have  gone  around  through  the  layer  of  muscular  tissue  ;  but  th^^ 
important  point,  that  some  of  the  electricity  took  the  short  way  dircc^'^ 
thioiigh  the  skull  and  brain^  was  in  this  experiment  conclusively  showi*— ^ 

The  same  experiment  with   the  faradic  current   showed  the  sam^^* 
result. 

Similar  experiments  on  the  spinal  cord  showed  that  the  current  pcn^^=^ 
ti-ated  the  vertebrae  as  readily  as  through  the  skull 

Actual  Experiment  with  a  Reflecting  Galvanometer, — The  evidenoe^^^^ 
already  given  are  sufficient,  with  corroboration,  to  establish  the  faci 
that  the  electricity,  when  applied   to   the  surface  of  the  body, 
through  the  tissues  lying  between  the  electrodes,  and  that  all  the  i 
temal  organs  may  be  thus  acted  on  by  the  current.     The  mathematic 
demonstrations  of  this  fact  that  have  been  recently  made  by  Burchard 
and  after  him  by  Ziemssen,  are,  however,  none  the  less  interescin 
Ziemssen's  method  of  investigation  was  to  insert  two  platinum  needle-  — 
insulated  to  their  points,  into  the  organ  to  be  experimented  on,  as  th»* 
brain,  spinal  cord,  sympathetic,  lungs,  liver,  etc.,  and  connect  them  wi^^^ 
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a  delicate  Wiedmann's  reflecting  galvanometer,  while  the  electrodes  of 
a  galvanic  battery  of  from  i  to  50  elements  were  applied  €x{ernaU}\  m 
Mchaway  that  the  current,  in  passing  from  one  to  ihe  other^  must 
pass  through  the  place  where  the  points  of  the  needles  were  inserted. 
These  experiments  were  performed  on  the  dead  subject,  and  on  ani- 
mals, living  and  dead.  Unpolarizable  needles  (Electro-Physics,  p,  31) 
i«^ere  used*  The  body,  or  part  to  be  examinedt  was  isolated  on  wood 
w  glass.    By  these  means  he  easily  demonstrated  these  two  facts  : 

I.  That  ail  thi  internal  parts  and  organs  of  the  body  can  be  traversed 
h  dtrivcd  currents  (^i^^  page  29)  when  the  electrodes  connected  with 
^i<iivanic  battery  are  properly  placed  on  the  skin, 

^lien  the  electrodes  are  placed  on  the  headj  derived  currents  pass 

through  the  brain.    When  the  electrodes  are  placed  on  the  spine,  de- 

nvcd  currents  pass  through  the  cord*     In  the  same  w*ay  it  was  demon- 

*^tcd  that  the  sympathetic,  heart,  lungs,  liver^  spleen,  intestines,  and 

"*^der  were  traversed  by  derived  currents  when  tlie   electrodes  were 

Wied  respectively  to  the  neck,  thorax,  and  abdomen.     Similarly  also 

'"C  Derve-plexuses  and  great  veins  were  shown  to  be  traversed  by  cur- 

'^^ts  when  external  applications  w*ere  made. 

^.   The  derived  currents  were  usually    most  powerful^  that  is,  the 
V'^atest  quantity  of  electricity  passed  in  a  direct  line^  between  the  elec- 

When  the  end^  of  the  unpolarizable  needles  were  removed  from  one 

pother,  near  the  central  line,  the  needles  showed  less  and  less  deflec- 

"^H^  proving  that  the  derived  currents  were  weaken     To  this  general 

^W  there  are,  however,  exceptions.     The  current  which  contains  a  very 

^^S^  percentage  of  water  conducts  electricity  better  than  other  neigh- 

^^**^ng  parts,  even  when  out  of  the  axis  of  the  curve. 

^  3.  The  derived  currents  can  be  sent  through  the  internal  parts  in  any 

*^^ection^  and  increase  in  strength  with  increase  in  the  strength  of  the 

^^^ncipal  current, 

^Vhen  the  principal  current  is  reversed,  the  derived  currents  will  be 

X/ersed  also.     In  one   experiment,  on  the   dead  body  of  a   young 

-^ji,  the  electrodes  of  the  principal  current  were  placed  behind  the 

Two  holes  were  made  in  the  parietal  bones,  in  the  track  be- 

een  the  electrodes,  and  two  other  holes  were  made,  abotU  six  centi- 

etres  farther  forward,  and   about  eight  centimetres  from  each  other. 

'^  the  holes  made  through  the  bones  into  the  brain  were  placed  the 

Tipolarizable    needles   connected  with    the  reflecting   galvanometer 

wo  needles  were  also  in  the  tubercula  quadrigemina.     The  results  01 

le  observations  are  contained  in  the  following  table  : 
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No,  of  elements^ 

Needles  ifl  posterior 

poles  indirect  line 

of  current. 

Needles  in  anterior 
poles  out  of 
direct  line. 

Needles  in 

tubercuia 

quadri^eoi  iniv 

5 

i.S" 

a6<» 

1.6- 

lO 

3.1» 

t^7^ 

>.,»  m 

IS 

2.g' 

2.8« 

3.5- • 

20 

6.5" 

3.2- 

4.2- 

\ 


I 


In  the  above  observation,  which  may  be  regarded  as  a  crucial  and  ^ 
convincing  one,  these  three  points  are  distinctly  proved  :  11 

J^irsi^  That  the  cyrrent  passes  from  one  electrode  to  the  other 
through  bone  and  brain. 

Second,  That  most  of  the  derived  currents  take  the  direct  route  in  tlie  ■ 
axis  between  the  electrodes,  and  that  the  strength  of  the  derived  currents, 
the  conductivity  of  the  parts  being  the  same,  diminishes  in  proportion 
to  their  distances  from  the  axis.  ■ 

Thirds  That  the  tubercuia  quadrigemina,  by  virtue  of  their  fluid 
structure^  conduct  electricity  better  than  the  after  parts  of  the  brain. 

Fourth^  That  the  strength  of  the  currents  sent  through  the  body  is 
proportioned  with  considerable  exactness  to  the  strength  of  the  current 
employed  in  the  application. 

The  laws  of  conductivity  of  the  body,  as  here  demonstrated  in  the 
brain,  have  also  been  similarly  demonstrated  in  the  spinal  cord  and  in 
all  the  organs  of  the  thorax  and  abdomen. 

The  grand  conclusion  from  all  these  experiments,  and  from  clinical 
experience,  is  that  ike  eiectro^ondtuiivity  of  the  human  body  is  to  ^i 
explained^  mainly^  by  the  ordinary  physical  laws  of  electro^onduction^ 
and  only  to  a  very  limited  extent  by  physiology. 

Fhysi&logy  and  pathology  may  come  in  to  modify,  to  a  slight  extent, 
the  conductivity  of  the  body ;  for,  as  we  have  seen,  individuals  differ  in 
their  conductivity.  Increase  in  the  quantity  of  blood  or  salts  in  the  body 
increases  the  conductivity,  and  diminution  of  blood  or  of  the  salts,  as 
takes  place  in  some  diseases,  diminishes  the  conductivity.  But  all 
these  varying  factors  have  caused  only  a  very  slight  perturbation  of  the 
physical  laws  of  electro-conductivity. 

There  is  some  difference  in  the  conductivity  of  the  living  and  dead 
body,  but  this  difference  can  mostly  be  explained  by /yi^-j-iVa/ principles. 
It  may  well  be  questioned  whether  the  principle  of  life,  whatever  that 
may  be,  exerts  any  very  important  influence  on  electro-conductivity. 
Burchardt  found  that  when  more  saline  solutions  were  injected  into  the 
dead  body  the  electro- conductivity  was  increased.     This  is  just  what 
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should  expect  on  physical  pnnciple&p  because  warm  saline  solulions 
re  good  conductors  of  electricity  in  the  body  or  out  of  it* 

According  to  Ranke,  living  muscle  conducts  much  worse  than  dead 
duscle^  the  proportion  being  as  loo  to  56*  Living  muscle  conducts 
It  15,000,000  times,  and  dead  muscle  64^400,000  times  worse  than 
copper  Dead  muscle  conducts  better  than  livingi  on  account  of  the 
decomposition  and  chemical  changes  that  take  place  after  death|  and 
e^}ecially  on  account  of  the  accumulation  of  lactic  acid* 

ElectrO'^onductivity  modified  by  Age  and  Temperament, — Young  peo- 
pie  ofier  greater  resistance  than  old  people,  for  the  probable  reason  that 
the  tissues  of  the  old  contain  more  of  the  salts  than  those  of  the  young. 
|The  hands  of  those  who  labor  with  muscle,  and  whose  epidermis  is 
liereby  thickened,  offer  greater  resistance  than  the  hands  of  those  who 
ivc  by  brain  alone.  The  right  hand,  being  more  used  than  the  left, 
a  thicker  epidermis,  and  therefore  presents  a  greater  resistance. 
DiflTercnt  individuals  of  the  same  age  and  condition  differ  in  their 
>nductivity  in  a  manner  that  cannot  be  fully  explained.  When 
f" shocks*'  of  a  battery,  or  faradic  machine,  or  Leyden  jar  are  sent 
through  a  number  of  persons  in  a  row,  some  will  feel  it  slightly,  others 
Lstiongly,  and  perhaps  one  or  more  may  be  almost  if  not  quite  pros- 
Itrated.  This  fact  may  explain  some  of  the  freaks  of  lightning,  for  it 
f  has  long  been  known  that  when  a  number  of  persons  are  standing  near 
together  some  maybe  struck  down  and  others  unharmed.  Some  Indians 
and  negroes,  it  is  said,  can  take  hold  of  the  electric  eel  without  receiving 
shocks. 

The  same  individual  may  conduct  differently  at  different  times.  As 
^e  body  is  perpetually  changing,  as  it  varies  in  its  intimate  constitu- 
f'on,  not  only  from  year  to  year,  but  from  day  to  day,  and  from  moment 
*^  nioment,  it  is  easy  to  understand  why  it  should  vary  in  its  suscep* 
^Mity  tQ  electricity,  just  as  it  varies  in  its  susceptibility  to  the  articles 
^  ^^''dinary  food,  to  stimulants  and  narcotics,  and  to  internal  medi* 
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THE    EFFECT  OF  ELECTRICITy  ON  NUT!  rTION. 

It  is  not  a  little  surprising  that  electricity  should  have  been  used  ai 
a  therapeutic  agent  for  more  than  a  century  before  it  began  to  be 
recognized  among  scientific  men  as  a  powerful  means  of  aiding  nutri- 
tion. In  1867,  after  a  series  of  preliminary  experiments^  mainly  con- 
ducted by  Dr.  Rockwell,  we  ascertained  that  electrization  was  a  tcnk 
of  most  remarkable  efficacy ;  that  its  permanent  tonic  effects  were,  in- 
deed, far  more  wonderful,  as  well  as  more  valuable,  than  its  primary 
stimulatiog  effects.  When  we  announced  this  discovery  to  the  pro- 
fession»  in  our  Treatise  on  the  Medical  Use  of  Electricity,  the  statement 
was  received  by  many,  and  especially  by  those  accustomed  to  and 
familiar  with  other  electro- physiological  and  electro- therapeutical  re- 
searches, with  incredulity  and  surprise. 

The  attention  of  observers  has  been  so  exclusively  directed  to  the 
primary  stinmlaiiug  effects  of  electricity,  that  they  have  neglected  to 
pursue  the  subject  further,  and  to  study  its  permanent  effects  on  nutrition. 

The  effects  of  the  passage  of  electricity  through  the  body  are  of  a 
fourfold  character ; 

1.  Mechanical  • 

2,  Physical. 

3,  ChtmicaL 

4.  FhpioiogicaL 
Inasmuch  as  the  effect  of  electricity  on  nutrition  is  a  resultant  of 

all  these  four  orders  of  effects,  it  is  necessary  to  speak  of  each  in 
some  detail. 

The  mechanical^  physical^  and  chemical  effects  of  electricity  on  the 
body  are  similar  in  character  to  the  same  effects  of  electricity  on  any 
substance  whatever ;  the  physiological  effects  are  those  which  take 
place  in  virtue  of  the  vital  properties  of  the  tissues.  The  mechanical 
effects  of  electricity  on  the  body  are  most  markedly  appreciated  undei 
the  faradic  current.  The  reason  is  clear  from  the  nature  of  the  faradic 
current  It  is  a  current  of  alternation,  of  to-and4ro  motion,  of  con 
itant   closing   and   breaking   (see  Electro- Physics,  p,  54). 
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passes  through  ihe  bod>%  even  when  it  produces  no  muscular  contrac- 
*wn,  St  acts  very  much  in  the  same  way  as  gentle  tapping,  or  pound- 
er or  rubbing  on  the  tissues ;  and  this  gives  passive  exercises  to  all 
the  ci^eper  lying  as  well  as  the  superficial  tissues.  We  may  believe 
that  the  molecules  of  the  tissues  are  agitated  by  the  passage  of  the 
tw^^rit,  as  the  particles  of  a  bar  of  iron  are  moved  by  the  influence  of 
•"••gtietiiation  (see  p,  9),  or  as  bodies  are  expanded  by  heat,  *rhe 
nuaieroMS  branch  currents  going  to  and  fro  act  as  so  many  shuttlecocks, 
^cepLng  every  atom  in  incessant  disturbance.  That  the  simple  process 
of  ta^pptng  on  the  surface  of  the  body,  by  means  of  the  vihratwns  that 
it  excites,  has  a  positively  beneficial  effect  in  certain  chronic  affec- 
^1**^,  has  long  been  recognized.  It  is  reasonable  to  suppose  that  this 
t*CQ«fictal  effect  is  in  part  due  to  the  increase  of  endosmotic  action, 

Physical  Effects, — The  physical  effects  of  the  passage  of  electricity 
^ough  the  body  are  heat^  and  the  modification  of  ertdosmosc  and  exes* 
^^se^  and  the  transferrence  oi  substances  from  one  pole  to  the  otiur. 

The  beat  excited  in  the  body  by  the  simple  passage  of  a  weak  cur- 
f^^   that  causes  no  muscular  contraction,  is  small ;  but  there  is  little 
question  that  heat  is  thus  excited,  although  it  is  difficult  or  impossible 
^  measure  it  by  the  thermometer.     The  main  arguments  in  favor  of 
this  belief  are  (i),  that  all  conductors  of  electricity  become   heated 
roarc  or  less  in  proportion  to  their  resistance — the  body  offers  great 
^^istance,  and  more  or  less  of  the  electric  force  must  be  converted 
into    heat ;    and  (2),  powerful   currents,  either    galvanic    or    faradic, 
^^Xk  when   not  used  so  as  to  excite  muscular  contractions,  cause  in- 
cfea^e  of  heat  in  the  track  of  its  passage,  so  marked  as  to  be  easily 
"Steeled  by  the  touch.     No  thermometer  is  necessary  to  show  that  in 
eleetfolytic  operations,  where  strong  currents  are  used,  the  tissues  near 
^c    needles,  and  between  them,  become  intensely  heated,  so  that   to 
^^%t.  the  finger  on  them  almost  causes  pain.     This  fact  we  have  demon- 
'itraied  over  and  over  again  in  various  parts  of  the  body.     It  is  equally 
cWa.r  that  the  faradic  current,  even  when  not  very  powerful,  raises  the 
temperature  of  the  parts  through  which  it  passes.     The  sensation  of 
the  patient  and   palpation  by  the   operator  demonstrate  this  beyond 
^oubt.     Cold  extremities   are  warmed   sensibly  and  quite   rapidly  by 
w^idization  or  galvanization,  even  when  no  sensible  muscular  contrac- 
tions arc  produced  by  the  current.     It  is  logical  to  infer  that  very  weak 
'^rrents,  either  faradic  or  galvanic,  cause  a  slight  increase  of  heat  by 
*'"^iie  of  the  passage  of  the  current,  and  as  a  physical  effect  of  such 
''^^sagCj  without  reference  to  ihe  physiological  phenomenon  that  must 
^^Drnpany  the  physical  phenomena,  which  must  probably  also  cause 
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a  rise  of  the   temperature.     SchiflT  declares,  as  a  result  of  his  observat, 
lions,  that  a  nerve  is  warmed  by  an  almost  momentary  passage  of  i 
current. 

A  second  important  physical  effect  of  the  passage  of  an  electric  car 
rent  through  the  body  is  the  transference  of  substances  from  one  pole 
to  the  other*     This  physical  effect  of  the  current  has  long  been  recog- 
nized.    In  the  electric  light,  for  example^  the  particles  of  carbon  gOj 
from  the  positive  to  the  negative  pole,  and  to  so  marked  a  degree  thaB 
the  positive  carbon  is  quite  rapidly  worn  away.     A  very  remarkable 
illustration  of  this  transference  of  matter  in  the  track  of  electricity  some- 
times occurs  in  lightning  stroke.     Trustworthy  cases  are  reported  ofl 
individuals  whu  have  been  found  struck  dead  by  lightning,  and  bearing' 
on  their  bodies  distinct  images  or  impressions  of  some  object,  as  a  tree 
or  house,  near  which  they  stood  when  they  felL  ■ 

In  1864,  at  Nibelle,  in  France,  three  men  who  were  gathering  pcarb 
were  struck  by  lightning.  One  was  killed  at  once.  The  others  were 
thrown  to  the  ground  unconscious,  and  one  of  these,  when  taken  home, 
was  found  to  have  on  his  breast  a  **  distinct  daguerreotype  of  the  tTee."j 

In  i860  a  woman  of  Sisonne,  in  France,  who  svas  struck  by  lightning  J 
carried  on  her  back  a  complete  image  of  a  tree — trunk|  branches,  and 
leaves — ^that  was  near  the  place  where  she  fell.     A  similar  case  is  re- 
corded by  Franklin.* 

The  explanation  of  all  these  cases  is  the  same.  The  particles  of  the 
tree,  reduced  to  great  fineness  by  the  elcctricitj',  are  mechanically  trans- 
ported and  burned  in  the  skin.  The  process  is  therefore  not  chemical, 
but  mechanical  and  thermic. 

Bodies  have  been  literally  tattooed  in  this  way.  Transference  of  sub- 
stances is  a  part  and  result  of  the  electrolysis  in  organic  substances 
already  described  {Electro- Physics,  p.  47)^  and  also  of  the  electrolysis 
of  organic  bodies  to  be  hereafter  described. 

The  electric  currents  also  exercise  a  positive  and  very  interesting  in- 
fluence over  endosmose.  By  the  passage  of  a  galvanic  current  the  endos- 
motic  phenojuena  may  be  both  stimulated  or  reversed.  This  is  shown 
in  the  following  experiment  of  D 11  troche t :  A  tube  containing  gum- 
water  is  closed  at  one  of  its  ends  by  animal  membrane  and  dipped  in 
a  vessel  containing  common  water.  By  the  ordinary  operation  of  ihe 
laws  of  endosmosis  the  gum-water  rises  in  the  tube  on  account  of  the 
•ntrance  of  some  of  the  ordinary  water  through  the  membrane  into 
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fc  tube    But  if  the  positive  pole  of  a  galvanic  battery  be  placed  in 
''^^coramon  water,  and  the  negative  pole  in  the  gum-water,  the  cndos- 
ajotic  action  is  stimulated  to  such  a  marked  degree  that  the  level  of  the 
^«m-water  rises  with  much  greater  rapidity ;  if  we  reverse  the  pole  the 
'^^e!  of  the  gum-water  in  the  tube  sinks  instead  of  rises.  The  faradic  ciir- 
^mi  from  the  secondary  coil  produces  no  such  effect.     The  current  from 
^^c  inner  coil — the  extra  current  so  called — ^produces  these  effects  to  a 
'*^^s  degree.     It  is  pretty  clear^  therefore,  that  these  phenomena   de- 
pend on  the  chemicaiy  and  not  on  the  mechanical  i^ower  of  the  current, 
&^ctrkal  Endosmosis  is  influenced  by  Strength  of  Current  and  Eeslst- 
^^^^e  of  Ciraiif. — It  is  found  that  the  quantity  which  rises  is  in  exact  pro- 
l*ortion  to  the  strength  of  the  current,  and  to  the  extent  of  the  porous 
^^rface.     It  has  been  found  that  the  greater  the  resistance  of  the  liquid 
^  electrolysis,  the  more  it  yields  to  this  endosmotic  action, 

"l^be  above  phenomena  have  been  demonstrated  at  different  times,  and 
"y  a  variety  of  observers. 

Hesides  the  physical  effects  above  described,  there  may  be  many 
*^fhers  that  we  cannot  at  present  recognize  or  appreciate,  but  which 
toay  be  revealed  by  the  spectroscope  and  other  means  of  refined  re- 
sea^ch, 

W//^r  Physical  Effects  of  the  Currents. — ^It  has  been  observed  that 

^■^tinum  wires  are  contracted  by  the  passage  of  electric  currents  through 

^'^m,  and  that  copper  wires  that  are  used  for  conducting  electricity 

'^^crome  brittle  thereby.     The  differential  action  of  the  faradic  and  gal- 

^^^ic  currents  in  this  respect  is  quite  interesting,  for,  according   to 

^^limkorff,  the  copper  wires  that  conduct  faradic  currents  break  more 

^^^^^edily  and  more  fiequently  than  those  which  conduct  galvanic  currents. 

This  physical  fact  is  very  suggestive  of  what  may  be  facts  in  physi- 

*^^g}'and  pathology.     We  have  already  seen  that  magnetization  has 

*^ysical  effects  of  a  most  decided  character.     We  have  seen  that  it 

^^^^uses  sounds  to  proceed  from  the  body  magnetized ;  that  the  body 

^^^^^^etized  also  becomes  elongated  ;  and  that  this  elongation  is  proba- 

^^^y  due  to  the  fact  that  the  particles  arrange  themselves,  during  mag- 

^^  ^tization,  lengthwise  in  the  direction  of  the  bar.     It  is  not  improbable 

^^at  the  human  body  in  health  and  in  disease  may  also  be  changed  by 

^^e  action  of  the  currents  in  a  manner  that  we  do  not  yet  comprehend, 

^^ud  that  such  physical  or  physiological  changes  may  account  for  souie 

hf    the  therapeutic  effects  of  electrization.     This  probability  applies 

pecially  to  the  after  effects  of  electrical  treatment,  effects  that  arc 

"^^oiiced  not  while  the  applications  are  being  made,  or  during  the  course 

^>f  ibe  treatment,  but  weeks  and  months  after  the  treatment  is  discos 
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tinucd.     On  this  subject  we  shall  speak  »n  more  detail  in  the  sectioi 
Electro-Therapeutics. 

Che  mica  i  Effects. — ^The  chemical  effects  of  the  current  are  mainly  of 
an  ekctrolytic  character.  They  consist  of  an  electrochemical  composi- 
tion of  tire  fluids  of  which  the  body  is  composed.  The  general  laws 
and  phenomena  of  electrolysis  in  its  relation  to  inorganic  substances 
have  already  been  set  forth  in  the  chapter  on  that  subject  in  Electro- 
Physics,  It  remains  for  us  here  to  speak  of  electrolysis,  in  its  rela- 
tion to  organic  life.  At  the  outset  we  may  remark  that  there  is  no 
evidence  that  organization^  as  such,  seriously  modifies  electro -chemical 
decomi>osition.  The  fluids  of  the  body  decompose  under  the  influence 
of  the  current,  just  as  the  same  combination  of  fluids  with  tissue  would 
decompose  if  not  endowed  with  life.  If  the  results  of  the  electrolysis 
of  the  dead  body  are  different  from  the  results  of  the  electrolysis  of 
the  living  body,  it  is  because  of  the  chemical  changes  that  take  place  iri 
the  body  after  life  has  departed. 

The  human  body  is  composed  of  fourteen  different  chemical  sub- 
stances, many  of  which  are  singly  capable  of  decomposing  under  the 
current,  and  in  their  various  combinations  are  capable  of  many  decom- 
positions  and  recompositions,  with  secondary  results  that  cannot  well  be 
estimated. 

The  general  facts  of  the  electrolysis  of  inorganic  substances,  the  ap- 
pearance of  oxygen  and  acids  at  the  positive  pole,  and  hydrogen  and 
alkalies  at  the  negative  pole,  apply  also  to  the  electrolysis  of  the  living  _ 
body.  The  great  law  arrived  at  by  Faraday,  that  in  electrolysis  I 
substances  are  decomposed  in  equivalent  proportions  (see  Electro- 
Physics,  p.  46),  also  finds  no  exception  or  interference  in  organic 
pitructures. 

Some  of  the  Phenomena  of  Electrolysis  of  Living  and  Dead  Tissues.^ 
In  order  to  determine  the  electrolytic  effect  of  the  current  on  organic  sub- 
stances we  have  made  a  wide  variety  of  experiments  on  both  living  and 
dead  tissues,  fluid  and  solid,  in  a  normal  as  well  as  pathological  condi- 
tion, on  animals  and  men.  We  have  tried  the  galvanic  current  on  the 
voluntary  and  involuntary  muscles  ;  on  the  mucous  and  serous  mem- 
branes J  on  brain,  spinal,  and  nerve  matter  j  on  the  lungs,  the  heart,  the 
liver,  spleen,  stomach,  intestines,  bladder,  utenis ;  on  the  saliva  and  the 
urine  ;  on  the  cartilage  and  on  bones.  The  general  conclusions  at 
whi:h  we  have  arrived  from  these  experiments  are  these  : 

1.  All  these  animal  tissues,  living  or  dead,  decompose,  so  far  as  caL 
be  seen,  like  inorganic  substances,  and  by  uniform  laws, 

a*  The  fact  most  patent  to  superficial  oMervation  is  that  the  rapidit} 
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of  the  electroly^s  depends  more  on  the  amount  of  fluid  in  the  tissues 
Ehan  on  all  other  factors  combined. 

3.  The  great  difference  in  the  effects  of  electrolysis  on  organic  and 
inorganic  substances  is  seen  after  the  current  has  ceased  to  act.  In 
the  electrolysis  of  most  inorganic  substances — such  for  example  as  iodide 
of  potassium,  acetate  of  lead,  chloride  of  sodium,  and  so  forth— the 
«fifccts  cease  as  soon  as  the  current  ceases  ;  the  substances  remain  in 
%l>e  condition  that  the  current  left  them.  The  electrolysis  of  organic 
substances  starts  a  process  thai  continues  long  after  the  current  ceases  to 

Eiectroiysis  of  the  IVfiite  of  an  Egg. — Wlven  the  white  of  an  egg  is 
elcctrolyzed  by  copper  needles  or  wire,  white  flakes  rapidly  form  around 
the  needle  connected  with  the  negative  pole,  covering  the  needle  as 
cotton  covers  a  bobbin  of  a  loom.  This  white  covering  soon  becomes 
detached  from  the  needle,  if  the  current  is  tolerably  strong,  and  floats 
on  the  surface  of  the  albumen,  and  then  another  similar  envelope  is 
formed  over  the  needle.  In  a  little  time  the  surface  of  the  albumen 
becomes  covered  with  white,  slight  masses,  resembling  what  are  known 
on  our  tables  as  "floating  islands/'  These  formations  are  not  coagula, 
IS  might  be  supposed,  but  are  simply  composed  of  hydrogen  gas  envel 
oped  by  very  thin  layers  of  albumen,  into  which  it  is  mechanically  driven 
by  the  electrolytic  action,  after  the  analogy  of  soap-bubbles  and  the  froth 
of  a  beaten  egg,  where  the  distension  is  caused  by  common  air  enveU 
oped  by  water  and  albumen. 

Besides  these  changes  the  albumen  becomes  discolored,  and  reddish- 
yetlow  streaks  are  found  at  both  poles.  This  discoloration  is  due  partly 
to  the  action  of  the  oxygen  or  the  albumen  on  the  copper  of  llie  elec- 
trodes. 

AJthough,  as  has  been  said,  platinum  wires  at  the  point  of  insertion 
into  the  substance  arc  best  for  these  experiments,  since  they  are  not 
acted  on,  and  exhibit  the  changes  in  their  punty,  yet  a  common  sewing 
Or  darning  needle,  or  coi*per  wire,  will  answer ;  but  it  should  be  borne 
in  mind  that  the  action  of  the  substances  on  these  will  complicate  1^^ 
observation,  and  that  they  will  in  a  short  titne  become  destroyed  by 
dxidation. 

Electrolysis  of  Fresh  J///^.— When  fresh  cow's  milk  is  electrolyzed 
^ilh  platinum  needles  an  odor  of  chlorine  is  distinctly  perceived,  due  to 
decomposition  of  the  chloride  of  sodium,  and  little  islands  of  foam  appear 
tn  the  surface.  This  foam,  on  being  broken  ut>,  gives  forth  an  odor  of 
chlorine,  and  disappears,  showing  that  it  is  not  coagidatcd  albumen, 
but  simply  chlorine  gas  and  albuminous  envelopes. 
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Ehdrolysu  of  the  AgueoLs  and  Vitreous  Humors  of  the  ^^'^.— Wheo 
platinum  net^dles  connected  with  a  galvanic  current  are  inserted  into 
the  aqueous  and  vitreous  humors  of  the  eye  of  a  dead  or  dying  rabbit, 
rapid  electrolysis  takes  place  at  both  poles,  with  evolution  of  gases  in 
albuminous  envelopes,  A  cloud  resembling  cataract  is  speedily  formed 
over  the  pupil,  and  in  a  few  moments,  if  the  current  be  of  medium 
strength,  the  covering  of  the  eye  will  be  ruptured,  with  a  violent  escape 
of  albumen -enveloped  gases.  This  process,  which  Dr*  Beard  has  fre- 
quently studied  in  the  eyes  of  rabbits  and  dogs,  is  similar  to  that  which 
takes  place  in  the  electrolysis  of  hydrocele  and  of  certain  cystic  tumors. 

MUctrolysis  of  Beef. — It  is  possible  to  gain  a  measurably  correct  idea 
of  what  changes  take  place  during  and  after  electrolysis  of  the  living 
body,  in  health  or  disease,  by  studying  the  phenomena  that  appear 
during  electrolysis  of  dead  tissue.  If  a  piece  of  beefsteak,  for  example, 
be  subjected  to  the  action  of  the  galvanic  current  by  needles  connected 
with  the  positive  and  negative  poles,  a  process  somewhat  resembling 
frying  can  be  distinctly  seen  and  heard  and  felt ;  more  specifically, 
bubbles  of  hydrogen  appear  at  the  negative  pole,  and  a  kind  of  liissing 
sound  is  heard,  even  when  the  ear  is  al  some  little  distance,  and  a  posi- 
tive sensation  of  heat  is  felt  when  the  finger  is  pressed  over  the  part 
that  is  being  electrolyzed.  Under  the  microscope  this  process  can  be 
more  closely  studied.  Chemical  examination  shows  that  oxygen,  acids, 
and  albumen  go  to  the  positive  pole,  while  hydrogen,  alkalies,  and 
coloring  matter  go  to  the  negative,  and  the  action  at  the  negative  pole 
is  much  greater  than  at  the  positive.  Under  this  process  the  beef  be- 
comes gradually  dried  and  changed  in  color,  owing  to  the  disappearance 
of  the  watery  constituents  and  the  other  electrolytic  action ;  and,  in  ■ 
proportion  as  the  beef  grows  drier  and  the  fibres  begin  to  lose  their  ad- 
herence  and  fall  apart,  the  electrolytic  process  becomes  less  and  less 
motive,  because  there  is  less  tluid  on  which  to  act. 

For  some  hours  after  the  needles  are  removed,  the  process  of  drying 
and  disintegration  and  decoloration  goes  on,  until  the  portion  that  lies 
between  and  near  the  poles  shrivels,  contracts,  and  crumbles,  until  it 
resembles  the  burnt  corners  of  a  piece  of  roast  beef. 

Electrolysis  of  Fruits  and  Vegetables, — ^We  have  experimented  on  a 
variety  of  fruits  and  vegetables — as  oranges,  lemons,  apples,  pears, 
peaches,  potatoes,  turnips,  etc  The  effects  of  the  electrolytic  action, 
as  they  appear  to  the  eye  and  the  ear,  though  consistent  with  the  great 
general  laws  of  electrolysis  of  inorganic  substances,  yet  are  more  or  less 
modified  hy  the  varieties  of  structure.  When  a  sound  apple  is  electro- 
lyzed, the  part  around  the  negative  needle  changes  in  color  and  laokt 
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as  though  it  had  been  bruised  and  was  beginning  to  decay,  and  the 
needle  soon  becomes  loosened  and  will  easily  fall  ouL  The  process  of 
dicing  and  decoloration  goes  on  after  the  operation  is  discontinued.  In 
fruits  and  vegetables  the  electrolytic  changes  that  take  place  are  largely 
due  to  the  electroIyzatiQQ  of  water,  which  is  aided  by  the  acids  that 
they  contain. 

When  muscles  have  been  separated  from  the  body  and  submitted  foi 
several  days  to  the  action  of  a  strong  galvanic  current,  there  have  been 
found  at  the  positive  pole  sulphuric,  phosphoric^  hydrochloric  and  azo- 
tic acids,  and  at  the  negative  pole  alkalies — ^as  soda,  potassa,  and  am- 
monia. 

Legros  and  Onimus  have  shown  that  when  an  alkali,  as  carbonate  of 
soda,  is  placed  at  the  positive  pole  in  electrolysis  of  the  human  body, 
and  an  acid — as  tartaric  acid — at  the  negative  pole,  the  usual  eschars 
have  not  been  formed.  This  would  seem  to  indicate  that  the  cauteriza- 
tion in  electrolysis  is  due  in  part  to  the  acids  and  alkalies  that  result 
from  the  decomposition. 

This  cauterizing  action  is  not  solely  due  to  the  acids  and  alkalies,  for, 
when  other  acids  and  alkalies  are  applied  to  the  body,  eschars  of  the 
same  degree  are  not  obtained.  The  current  penetrates  and  pervades 
the  tissues  and  induces  various  changes  beyond  and  beneath  the  eschar, 
which  changes  continue  long  after  the  current  is  broken. 

The  phenomena  above  described  all  occur  under  the  galvanic  cur- 
rent^ and  with  needles  as  electrodes. 

The  current  from  the  primary  coil  of  the  faradic  machines  has  some 
electrolytic  power,  and  even  the  current  from  the  secondary  and  ter- 
tiary coils  is  not  without  some  chemical  effect.  It  is  not  necessary  to 
use  needles  or  pointed  electrodes  of  any  kind  in  order  to  produce  elec- 
trolysis ;  but  with  a  sufficient  strength  of  current  the  phenomena  may 
\>e  produced  by  large,  flat,  metallic  surfaces.  There  is  more  or  less 
electrolysis  in  all  the  ordinary  applications  of  electricity  to  the  body, 
whether  made  with  metals  or  sponges,  small  or  large. 

Physiological  Effects. — The  physiological  effects  of  electricity,  pro- 
perly so  called,  are  those  which  take  place  by  virtue  of  the  vital  proper* 
tics  of  the  body.  The  other  effects  above  described — mechanical, 
physical,  and  chemical — are  not  peculiar  to  living  bodies  ;  they  are 
observed  on  the  dead  as  well  as  the  living,  on  inorganic  as  well  as 
organic  substances,  although  they  are,  as  we  have  seen,  more  or  less 
txAodified  by  vitality.  But  the  physiological  effects  of  which  we  are  here 
to  speak  are  peculiar  to  organization  ;  they  cease  when  life  ceases,  foi 
ihey  arc  mainly  the  modification  of  the  vital  processes  by  electricity. 
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There  are  in  geneml  four  ways  in  which  electricity  applied  .0  the  ds 
iues  modifies  their  physiological  functions  : — 

1.  It  may  increase  thein. 

2.  It  may  diminish  them. 

3.  It  may  arrest  them, 

4.  It  may  modify  their  quality. 

Some  of  the  more  important  illustrations  of  their  effects  have  becS" 
already  discussed. 

We  have  seen  that  electricity,  according  to  the  kind  that  is  employed, 
and  according  to  the  method  and  strength  and  length  of  the  applica 
tion,  causes  various  phenomena  on  the  skin,  contracts  voluntary  and 
involuntary  muscles  when  applied  either  to  the  muscles  themselves  oi 
to  the  nerves,  that  supply  them,  and  increases  the  process  of  oxidation, 
and  raises  the  temperature,  excites  the  nerves  of  common  and  special 
sense  so  as  to  cause  pain,  flashes  before  the  eyes,  noises  in  the  ears,  and 
a  peculiar  taste  and  odor.  When  applied  to  the  pneumogastric  i< 
increases,  diminishes,  or  arrests  the  action  of  the  heart. 

It  remains  here  to  speak  of  die  following  physiological  effects  of  elec- 
tricity :— 

1,  On  the  circulation. 

2.  On  secretion  and  excretion. 
J.  On  absorption. 

The  effect  of  electricity  on  the  circulation  is  somewhat  complex.  It 
includes  the  effect  on  the  heart  and  on  the  unstriped  muscular  fibres  of 
the  arteries,  as  well  as  on  the  central  and  peripheral  nervous  system  in 
general,  since  the  tiow  of  blood  in  the  arteries,  veins,  and  capillaries  is 
influenced  by  the  quality  and  quantity  of  innervation  that  they  receive. 
We  have  to  speak  merely  of  the  direct  effect  of  electricity  on  the  capil- 
lary circulation.  It  has  been  shown  already  that  electrization  of  the 
cervical  sympathetic  may  have  the  directly  opposite  effect  of  contracting 
or  dilating  the  vessels  of  the  retina*  That  the  same  opposite  effects 
may  follow  electrization  of  any  part  or  organ,  depending  on  the  tern* 
^)erament  of  the  ])atient,  the  quality  of  current,  and  the  length  and 
:trenglh  of  the  application,  is  also  demonstrable.  One  effect  is  con- 
stant under  all  conditions,  and  that  is,  that  the  circulation  is  modifietl 
in  one  or  the  other,  or  in  both  ways.  The  average  ultimate  effect  is 
to  increase  lhc_fi0W  of  bloody  raise  the  Umperaiure,  and  dilate  the  veins. 
Dilatation  of  the  veins,  after  prolonged  electrization,  is  a  phenomenon 
tliat  can  be  demonstrated  with  ease  or  any  part  of  the  body  where  the 
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*«ifis  arc  proniinent.  The  back  of  the  hand  is  the  best  place  to  study 
is  phenomenon,  aud  faradization  illustrates  it  most  distinctly. 
This  enlargement  of  the  veins  is  accompanied  by  a  rise  in  tempera 
re,  and  especially  if  the  muscles  have  been  brought  into  vigorous 
contraction,  that  is  not  only  indicated  by  the  thermometer,  but  is  ap^ 
preciated  by  the  subject.  Under  j^eneral  fjiradtzatbn  the  hands  and 
feet  become  waim^^r  during  the  sitting,  and  may  remain  warmer  for 
hatxTs,  Central  galvanization,  or  galvanization  of  the  cervical  sympa- 
thetic, also  wanns  the  periphery. 

On.  Secretion  and  Excretion, — The  secreting  power  of  the  secreting 
^*rg3^s  of  the  body  is  very  markedly  influenced  by  electrization.  The 
usual  effect  is  to  increase  their  activity  ;  but  when  very  mild  currents 
•^c  ^sed,  such  effect  is  not  always  observed,  and  it  is  probablcj  from  our 
^^P^rinients,  tliat  very  strong  currents  may  produce  a  reverse  effect. 

On  the  lachrymal  glands  the  action  of  the  current  is  not  so  easily 
^^'^WTx,  because  strong  currents  are  not  well  borne  on  the  face  or  head, 
ancl  tHe  glands  themselves  are  not  directly  accessible.  It  is  difficult  to 
"C^:^fie  whether  tlie  flow  of  tears  that  accompanies  strong  electrization 
*"  tKc  foce  is  the  result  of  the  mechanical  irritation  or  the  physio- 
logic^l  action  of  the  current  on  the  lachrymal  glands  or  the  nerves  that 
supply  them. 

^^^  secretion  in  mucous  membranes  is  quickly  increased  by  electriza- 

"*^'*»  a^  can  be  demonstrated  most  easily  on  the  Schneiderian  membrane 

^  _  *^«ans  of  metallic  electrodes  introduced  in   the  nasal  passages. 

'^^s  f;act  becomes  of  practical  importance  in  the  treatment  of  the  so- 

j*^  *^<i  **dry  catarrh/'  and  also  in  exhausting  diseases,  associated  with 

^^'^^■^5  of  the  raucous  membranes. 

^-'"^   the  Wmzry  secretion  the  effect  of  the  current  is  very  easy  of  de- 

*^«tTaiion»    That  application  of  the  current,  both  galvanic  and  faradic, 

*»^crcase  the  secretion  of  the  salivary  glands,  is  very  easily  demon- 

^^«*cl.   We  have  shown  this  at  various  times  during  the  past  five  years, 

^^'^^lizing  or  laradizing  the  tragus  of  the  ear,  with  either  pole,  or  against 

,         niembrana  tympani.     This  effect  is  due  to  the  excitation  of  the 

^^^  tympani  nerve,  some  of  the  fibres  of  which  go  to  die  submaxillary 

_^  Klia.     This  increase  of  saliva  is  sometimes  so  great  that,  while  the 

^^nt  is  flowing,  continual  swallowing  is  necessary, 

*^  sensitive  persons  the  same  effect  follows,  by  reflex  action,  electri- 
^Of^  in  almost  any  part  of  the  neck  or  face.     In  certain  pathological 
^^^  a£  Addison's  disease.  Dr.  Rockwell  *  has  found  the  annoying  dry- 


•  Sec  Case  187, 


l86 


ELECTRO-PHYSIOLOGY. 


ness  of  the  mouth  greatly  relievetl  by  elecrHzalion,  and  in  [jdlhological 
cases  of  the  sever^i  character,  as  in  diabett;s,  when  the  salivary  secie 
ttOLi  may  be  greatly  diminished,  we  have  found  ceotral  galvanization  to 
increase  the  secretion  quite  rapidly. 

On  the  biliary  secretion  the  action  of  the  current  is  less  easy  of  mathe- 
matical demonstration.  The  results  of  external  electrization  in  patho^ 
logical  cases  seem  to  prove  diat  the  quantity  of  the  bile  may  be  Increased 
Whether  this  increase  is  due  to  the  action  of  the  current  on  the  sub- 
stance of  the  liver,  or  the  nerves  that  supply  it,  we  are  not  able  to 
£tate. 

The  secretion  oi  gastric Jutce^  and  of  the  intestinal  fluids  is  in  all  prob- 
ability increased  by  external  electrization.  Analogy  would  show  these 
fluids  ought  to  be  secreted  in  greater  abundance  under  the  inOuencc  of 
the  current,  and  the  results  of  treatment  »n  pa-tbological  cases  give  this 
probability  something  of  the  force  of  certainty.  Appetite  is  sharpened, 
digestion  is  quickened,  and  constipation  relieved,  both  by  local  and  by 
general  electrical  treatment,  so  rapidly  and  so  decidedly  as  to  make  it 
pretty  evident  that  the  gastric  and  intestinal  fluids  are  made  to  secrete 
more  liberally  by  the  action  of  the  current  on  the  nerves  that  supply 
these  organs  than  on  the  tissues  of  the  organs  themselves. 

An  excellent  means  of  studying  the  variations  in  the  nutrition  is 
found  in  the  elimination  of  the  urine.  This  is  beUeved  to  be  a  result 
of  oxidation  processes  tiiat  may  take  place  either  in  tlie  kidneys  or  in 
the  tissues,  or  in  both. 

Legros  and  Onimus  have  studied  the  effects  of  electrization  of  the 
6pine  on  the  elimination  of  urine* 

Their  conclusions,  derived  from  more  tlian  250  analyses,  made  on 
the  urine  of  rabbits  and  of  themselves,  are  these  :— 

1.  Interrupted  currents  diminish  the  quantity  of  urine  and  of  azote. 

2.  Centrifugal  galvanic  currents  increase  the  quantity  of  the  urine 
and  diminish  that  of  the  urea. 

3.  That  continuous  centripetal  currents  increase  the  quantity  of  urea 
fritiiout  increasing  the  quantity  of  urine. 

On  the  urinary  secretion  the  effect  of  electrization  can  be  demon- 
strated in  pathological  cases  witliout  difficulty.  In  cases  of  diabetes 
insipidus  and  meUitus,  local  and  general  treatment  may  cause  great  di- 
minution in  the  discharge,  while  in  dropsy  and  in  rheumatism  we  have 
knowTi  the  kidneys  to  be  stimulated  as  much  as  by  powerful  diuretics. 

On  the  average  man  in  health  there  is  considerable  difficulty  in  esti- 
mating a  moderate  increase  of  the  urinary  secretion  under  electriza* 
don,  for  the  sufficiently  apparent  reason  that  the  quantity  of  urine 
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irarici  with  so  many  conditions  of  food,  drink,  and  exercise,  and  sa 
forth  Unless  the  effect  of  electrization  on  the  kidneys  were  immediate 
and  decided,  it  would  be  difficult  to  differentiate  between  its  effects 
and  Uie  effects  of  the  other  important  and  varying  factors. 

On  the  menstrual  secretion  electricity  acts  with  remarkable  power, 
lioth  currents,  applied  externally  and  internally,  centrally  or  generally^ 
in  ph>^iolog^cal  as  well  as  patliological  cases,  affect  the  quantity  ol 
:iiienstrual  secretion  rapidly^  and  sometimes  permanently.  The  effects 
are  sometimes  immediate,  taking  place  during  or  directly  after  the 
application.  The  number  of  days  that  the  menses  appear  are  some* 
times  increased^  and  entire  suppression  is  slowly  or  speedily  cured. 

In  pathological  cases,  where  there  is  an  excess  of  menstrual  flow, 
electrization  corrects  and  diminishes  it.  These  apparent  and  interesting 
effects  of  electricity  on  the  menstnial  secretion  may  take  place  through 
the  direct  action  of  the  current  on  the  ovaries  and  the  uterus,  or  indi- 
rectly through  the  brain,  sympathetic,  and  spinal  cord,  and  the  nerves 
that  supply  the  pelvic  organs.  They  may  take  place  through  reflex 
action  from  electrization  of  the  feet  or  liandii,  or  other  and  distant  parts 
of  the  body.     Franklinic  electricity  also  produces  these  effects. 

The  whole  subject  is  of  immense  practical  importance,  as  will  be 
seen  in  the  chapter  devoted  to  Diseases  of  Women. 

On  the  lacteal  secretion  electricity,  especially  the  faradic  cuncnt, 
acts  with  decided  though  varying  power.  It  has  never  been  known  to 
diminish  it,  while  it  sometimes  increases  it,  and  it  may  restore  it  after 
it  has  been  temporarily  suppressed.  This  physiological  fact  has  a. 
I>ractical  significance  that  will  appear  in  the  chapter  devoted  to  Mid- 
wifery, 

Similarly  also  the  secretion  of  the  spermatic  fluid  is  increased  by  gal- 
vanization or  faradization,  A  mathematical  test  of  the  power  of  elec- 
trization to  increase  the  secretion  of  the  testicles  cannot,  for  obvious 
^'easons,  be  obtained  ;  but  the  statements  of  individtials  on  whom  the 
Experiment  was  tried  seem  to  establish  this  point.  The  applications  may 
\^  made  not  only  through  tbe  testicles,  but  through  tlie  perinieum  and 
^:>vcr  the  spine.  The  results  are  not  invariable,  but  are  obtained  in  a 
Sufficient  number  of  cases  to  make  it  fair  to  regard  such  effect  as  a 
law  of  electro-physiology. 

The  secretion  of  the  sweat  glands  is  also  increased  by  powerful 
f  alvaniiation  of  the  central  nervous  system,  and  especially  of  the  cervi- 
cal spine  and  sympatlietic.  In  very  susceptible  patients  either  galvani- 
sation or  faradization  of  the  head,  n«*ck,  or  spine,  and  strong  electriiation 
of  almost  any  part  of  the  body,  will  cause  sensible  perspiration.     We 


188 


ELECTRO-PHYSIOLOGY* 


have  seen  individuals  whom  a  few  minutes  of  general  faradization  with 
feeble  currents  brought  out  large  drops  of  sweat  on  the  forehead,  and 
made  the  hands  as  moist  as  though  they  had  been  dipped  in  water. 

On  Aif sorption, — The  action  of  electricity  on  the  absorbents  is  best 
studied  in  pathological  cases,  such  as  hypertrophies,  effusions,  and 
morbid  growths. 

In  thickening  of  the  skin  that  appears  in  some  cutaneous  affections, 
in  corneal  opacities,  in  enlarged  joints,  in  pleuritic  effusions,  in  hydro- 
cele, in  dropsy  of  various  parts,  in  pa^ssive  cede  ma,  and  in  enlarged 
glands,  in  tumors  of  nearly  every  variety,  can  be  demonstrated  the  power 
of  electricity  to  produce  absorption-  Reasoning  backward  from  patho- 
logy to  physiology,  we  justly  infer  that  the  same  effect  takes  place,  more 
or  less,  in  all  applications  of  electricity  to  the  body,  but  that  the  degree 
of  it  is  modified  by  the  condition  of  the  part  to  which  the  application 
is  made.  The  effect  on  secretion  is  apparent  at  once  to  the  eye  or  the 
sensation  ;  the  effect  of  absorption  is  apparent  only  to  the  eye,  and 
then  only  when  there  is  a  visible  excess  of  fluid  or  solid  in  the  part  to 
which  the  application  is  made.  This  part  of  our  subject  will  be  prac- 
tically illustrated  in  various  chapters  both  in  Medical  and  Surgical 
Electricity. 

Effects  of  Electricity  produced  by  Reflex  as  well  as  by  Direct  AcHtm^ 
— The  reflex  effects  of  electricity  seem  not  to  have  been  fully  recognized 
by  electro- therapeutists.  There  is  considerable  difficulty  in  ascertaining 
the  precise  reflex  eflects  of  electricity  on  animals.  The  effects  as  they 
show  themselves  on  man  are  largely  sensory,  not  motor  ;  the  stimula- 
tion of  the  circulation  of  absorption  and  of  secretion  that  might  and 
probably  does  take  place,  reSexly  as  well  as  directly,  is  too  minute  to 
%e  readily  observed.  We  are  justified  in  believing  that  electricity  acts 
in  absorption,  secretion,  and  exertion  by  reflex  as  well  as  by  direct  action, 
from  the  fact  that  in  irritable  constitutions  sensory  effects  on  the  sensa- 
tion and  on  circulation,  of  a  marked  character,  are  produced  by  electric 
irritation.  Thus,  for  example,  when  the  hands  or  the  feet  are  traversed 
by  strong  currents,  either  continuously  or  in  sudden  shocks,  pain  or 
disagreeable  sensaiions  may  be  felt  in  the  hands  and  feet,  of  the  oppo- 
sile  side,  or  in  the  back,  or  stomach,  or  side.  These  reflex  effects  are 
not  constant,  and  when  we  look  for  them  we  may  not  And  them.  They 
can  be  best  studied  in  persons  who  are  susceptible  to  electricity,  and 
whose  spinal  cords  are  weak  and  irritable.  In  some  pathological  cases 
also,  such  as  chronic  myelitis  of  the  anterior  column  (anterior  spina] 
•derosis),  the  reflex  action  of  electricity  is  ilkistrated  with  great  dis- 
tincoiess.     Localized  faradization,  or  galvanization  of  the  lower  Hmbs 
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Hiijr  be  felt  not  only  in  the  part  traversed  by  the  current,  but  in  the 
^'Ti^s,  in  the  opposite  limb,  in  the  back»  and  storaach  to  such  a  degree 
*^  to  cause  pain. 

Strong  currents  acting  on  irritable  constitutions  may  sometimes  b> 

refl^^x  action  shock   the  whole  system,  provided  the  application  bf 

iocr^^^lljjed  in  certain  localities.     Thus  in  a  case  of  very  obstinate  con 

sti  Jik^tion  that  we  once  treated  by  internal  galvanization  of  the  rectum, 

^  •  *^  Vnrent  of  not  very  great  strength,  suddenly  intemipted,  was  disagree* 

*'^*^  felt  in  the  head,  left  hand,  and  feet.     Very  frequently,  indeed,  in 

^'^X^erinienting  on  ourselves  or  otJier  individuals,  or  on  animals,  and  in 

^^^^^ting  patients,  we  have  received  shocks  through  the  hands  or  arms 

"^^t  seemed  to  be  felt  in  all  parts  of  the  body.     In  some  instances  the 

i*^^in  and  dbagreeable  sensations  thus  caused  by  the  reflex  action  of  the 

^^^^^*Tent  last  for  several  minutes  or  hours. 

On  the  circulation  the  reflex  effects  of  electrization  are  demonstrable 
3^  delicate  apparatus  for  testing  temperature.     It  has  been  shown  by 
^^periments  that  electrization  of  one  hand  affects  the  circulation  in  the 
^^^nd  of  the  other  side,  so  as  to  change  its  temperature  under  the  thermo- 
electric pile. 

Powerful  electrization  of  feeble  persons  may  cause  a  general  chilli- 
ricss  of  the  extremities  that  may  last  for  hours.  A  sensation  of  hav- 
ing caught  cold  has  been  known  to  follow  strong  peripheral  faradiza- 
tion. 

Whether  the  action  of  the  current  on  the  retina  and  on  the  auditory 

aind  gustatory  nerve  is  direct  or  reflex  has  been  long  disputed.     Our 

researches  induced  us  to  the  belief  that  electricity  acts  on  the  nefvcs  of 

special  sense  both  reflexly  and  directly.     That  the  gaistatory  nerve  can 

be  treated  by  reflex  action,  we  have  shown  in  a  variety  of  experiments 

with  both  currents.     Sensitive  patients  appreciate  the  sour  or  metallic 

taste  when  the  application  is  made  to  the  lower  part  of  the  spine  or  to 

the  arms.     Similarly,  flashes  before  the  eyes  may  be  produced  when  the 

electrodes  are  so  placed  that  the  current  cannot  traverse  directly  the 

region  of  the  brain  where  the  optic  nerve  takes  its  origin.     Excitation  of 

the  auditory  nerve  by  reflex  action  is  not  so  easily  demonstrated,  but 

tinnitus  annum  sometimes  follows  electrization  of  the  spine  and  neck, 

and  it  is  not  unfair  to  infer  that  it  is  the  result  of  reflex  excitation. 

In  thus  admitting  the  possibility  of  exciting  the  nen'cs  of  special 
Sense,  w^e  do  not  desire  to  give  the  impression  that  the  ordinary  physio- 
logical excitation  of  these  nerves  under  electricity  is  purely  of  a  reflex 
character ;  on  the  contrary,  we  have  shown  already,  in  the  chapter  on 
•-Electro-Conductivity,  that  the  current  penetrates  the  brain  and  goes 
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through  those  parts  where  the  optic  nerves  originate,  and  also 
pass  through  the  labyrinth  and  act  directly  on  the  auditory  nerve. 

Id  reference  to  the  reflex  effects  of  electricity  these  two  considera- 
rions  are  of  importance  : — 

1,  The  galvanic  currents  operate  much  more  powerfully  by  reflex 
action  than  the  faradic.  The  partial  explanation  of  this  fact  which  we 
offer  is  that  the  greater  chemical  power  of  the  galvanic  current,  due  to 
its  acting  always  in  one  direction,  causes  it  to  operate  more  distinctly 
on  the  nerves  than  the  faradic  current.  This  fiict  of  the  superior  reflex 
capacity  of  the  galvanic  current  is  one  of  high  practical  import  in  the 
treatment  of  disease,  and  explains  in  part,  if  not  entirely,  the  dangerous, 
or  at  least  unpleasant,  effects  that  sometimes  follow  careless  or  ignorant 
galvanization  in  cerebral  hemorrhages  and  other  irritable  conditions  oi 
the  central  nervous  system, 

Althaus  has  recorded  a  case  of  anaesthesia  of  the  fifth  pair  of  cerebral 
nerves  of  a  most  profound  character,  in  which  there  was  a  complete 
absence  of  cerebral  symptoms — dizziness,  flashes  of  light,  and  galvanic 
taste— whenever  a  galvanic  current  of  twenty  cells  was  applied  to  the 
face.  A  current  from  thirty  cells,  which  on  a  person  in  health  would 
cause  powerful  flashes,  a  hissing  sound  in  the  ears,  feeling  of  heat,  and 
perhaps  perspiration,  caused  in  this  patient  only  a  slight  sensation  of 
giddiness  and  metallic  taste  and  phosphoric  odor. 

This  remarkable  case  is  a  strong  argument  in  favor  of  the  opinion 
that  the  results  of  electrization  of  the  head  and  the  results  of  experi- 
ments like  those  of  Erb  are  due  in  part,  if  not  entirely,  to  reflex  action. 

It  is  possible  that  in  the  above  case  the  portion  of  the  brain  where 
the  optic  nerve  originates  was  also  diseased  so  as  to  render  it  insensible 
to  electric  excitation. 

2,  These  reflex  effects  occur  in  all  the  applications  of  electricity  of 
either  form,  and  complicate  the  direct  effects.  The  physiological  and 
therapeutical  effects  of  electrization  of  the  brain,  the  eye>  the  ear,  the 
cervical  sympathetic,  the  spine,  the  trunk,  and  the  periphery,  every- 
where are  a  complex  resultant  of  both  direct  and  reflex  electrical  ac- 
tion. Lacalized  electrization,  strictly  speaking,  is  an  impossibility,  how- 
ever closely  together  the  electrodes  may  be  placed,  and  however  dis* 
tant  from  the  great  nerve  tracts  and  nerve  centres  the  spinal  cord  must 
take  cognisance  of  the  impression  made  by  the  current  on  the  sensory 
nerves,  and  other  parts  and  organs  must  share  in  the  effects,  for  bet- 
ter or  for  worse.  It  ts  for  this  reason  that  cantion  is  requisite 
faradizing  the  paralyzed  muscles  in  recent  hemiplegias  and  in  active 
elitif. 
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l*he  very  remarkable  results  that  follow  general  faradization* — a 
method  to  be  subsequently  described^are  to  be  accounted  (ox  in  part 
by  reflex  actions,  which  are  continually  taking  j>lace  during  all  stages  of 
the  application. 

Pr»iciicai  AppHcaiion  of  these  Physwlogical  Principles  to  Elccira* 
Tkcrapeuiics, — With  the  above  facts  and  reasonings  before  us  we  are 
prepared  to  intelligently  appreciate  the  effect  of  electricity  on  nutrition. 
We  do  not  profess  to  have  exhausted  the  rationale  of  the  complex  action 
of  electricity  on  the  tissues,  but  to  have  indicated  the  leading  principles 
by  virtue  of  which  it  affects  the  nutrition  of  the  animal  body.  Many  dis* 
coveries  may  yet  be  in  store  for  us  in  this  department ;  it  may  e  shown 
that  ozone  is  j,'enerated  in  the  tissues  with  every  passage  of  the  current, 
and  that  this  ozone  is  taken  into  the  circulation-  the  subtle  and  intri- 
cate chemistry  of  electrolysis  of  living  tissues  in  their  secondary  and 
tertiaryj  as  well  as  their  primary  changes,  may  be  unfolded  to  the  vision 
of  the  future,  and  what  we  now  see  in  a  glass  darkly  posterity  may 
behold  face  to  face ;  but  sufficient  is  known  to  explain  in  a  most  in- 
teresting w^ay  the  unrivalled  effect  of  electricity  on  the  nutrition. 

An  objection  sometimes  brought  against  electricity  is  that  we  do  not 
understand  its  action  ;  and  yet  in  the  whole  round  of  stimulating  tonics 
there  are  but  few  whose  action  can  be  so  well  explained  as  that 
of  electricity.  Who  knows  how  arsenic  feeds  the  nervous  system  or 
how  quinine  breaks  an  attack  of  chills  and  fever?  Why  does  oxide  of 
iinc  act  with  magic  force  in  chronic  alcoholism  ?  How  does  opium 
produce  sleep  and  relieve  pain ;  and  who  has  entered  into  the  myste- 
ries of  anaesthesia  ? 

Animal  nutrition  is  a  process  of  enonnous  complications.  There  is 
tio  single  chemical  change  at  which  one  can  point  and  declare  that 
this  explains  the  growth  and  sustenance  of  the  body ;  but  there  are 
nameless  and  nymberless  phenomena  every  moment  going  on  in  the 
living  tissues,  and  as  a  result  of  all  these,  in  their  infinite  play  and  com- 
bination, the  body  Hves^  moves,  and  has  its  being.  Electricity  in  pass- 
ing through  the  body  modifies  many  or  all  of  these  processes,  and  thus 
modifies  nutrition.  As  a  resultant  of  the  complex  physical,  chemical, 
and  physiological  action  of  electricity  on  the  tissues,  there  is  increased 
development  and  growth. 

Bxperimetiial  and  Clinical  Proofs  of  the  Effect  of  Electricity  on  Nutria 
Hon, — ^We  have  studied  the  effect  of  electricity  in  great  detail  on  animals 
and  on  man.  On  animals  our  experiments  have  been  confined  to  the 
effects  of  general  faradization ;  on  man  we  have  studied  the  effects  of 
tK>tli  loc  Uized  and  general  treatment* 
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Of  a  litter  of  four  puppies,  Dn  Beard  submitted  two  to  general  fara 
dization  every  other  day,  for  eight  ramutes  each,  and  two  were  not  sc 
treated,  all  having  an  equal  chance  at  their  mother*s  breast  and  noUiing 
besides.  All  the  pupi>ies  were  carefully  weighed  at  the  beginning  and 
at  the  end  of  the  treatment,  which  lasted  for  four  weeks.  It  was  found 
that  both  of  the  pups  that  had  been  electrized  weighed  more  than  the 
puppies  that  had  not  been  electrized  ;  all  had,  of  course,  increased  in 
weight,  but  of  those  electrized  one  had  increased /<?j5/r  ounces  and  the 
other  itn  ounces  more  than  his  fellows  that  had  not  been  electrized. 
The  difference  of  size  in  favor  of  the  puppies  that  were  electrized  was 
SCI  marked  and  so  easy  to  see^  that  without  great  difficulty  one  who  had 
never  seen  them  succeeded  in  picking  out,  from  ocular  inspection, 
those  that  had  been  treated,  and  that  too  in  the  evening,  and  in  a  bad 
gas-light.  It  was  observed  during  the  treatment  that  the  puppies  which 
were  electrized  became  ravenous,  and  sucked  with  greater  energy  than 
their  less-favored  companions. 

The  method  of  treating  the  pups,  we  may  remark,  was  to  put  thera 
on  a  sheet  of  copper,  while  the  hand  of  the  operator  or  a  sponge- 
electrode  was  rubbed  all  over  the  surface  of  the  body,  previously  moist* 
ened. 

The  details  of  the  experiments,  prepared  by  our  assistant,  Dr.  J.  W. 
Sterling,  who  made  the  applications,  are  as  follows  * 

July  I,  1871. — Weight  of  4  paps,  fo  days  old  : 

2  black  pups  (weight  each).  .,.»...♦.     i  lb.  6  oz* 

2  yellow  pups,  weight  of  one i  lb.  34-  osu  ;  other,  i  lb,  2I  ot, 

July,  I,  1871, — Commenced  general  farajdization,  each  application  about  8  mlnulei^ 

Apptted  U  to  one  of  the  btack  pups,  weight  i  lb,  6  oz.«  and  the  lightest  of  the  yel- 
low pupa,  weight  1  lb.  2^^  os. 

Continued  the  applications  four  weeks,  making  three  each  week, 

July  28,  187 1. — Weighed  the  pups  after  twelve  applications. 

I  black  pup  (general  faradization)  ,.♦  ^  *,,.,.....,..,• ,     3  Ib^     7  oz. 

I  black  pup  Cno  fa^radization) 2    **    13    •* 

I  yellow  pup  (general  faradization) ..».,, ,,,..♦•     3    '*      o    •* 

I  yellow  pup  (no  faradization).. . » .,»,., 2    *•    !2    •* 

Making  a  dear  gain  for  ihc  electri*ed  pup  (black)  of  to  ot,  for  the  yellow  electriied 
I»p,  4  ot 

This  we  believe,  was  the  first  comparative  experiment  of  this  kind 
made  with  the  faradic  current.  Subsequently,  Dr.  Beard  repeated  the 
experiment  on  a  litter  of  three  rabbits.  Two  were  faradized  every  other 
day  ;  to  the  other  no  treatment  was  given.     At  the  end  of  six  weeks  the 
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one  not  treated  was  visibly  larger  than  either  of  those  that  were  treated 
We  explained  this  unexpected  result  by  the  theory  that  the  current  had 
Deen  used  too  strong  and  too  long  for  the  young  and  delicate  animals* 
The  experiment  was  carried  on  while  we  were  in  the  country,  and  the 
details  were  intrusted  to  those  who  w^ere  utterly  incompetent  for  theit 
duties.  The  directions  given  were  to  put  the  feet  of  the  rabbits  in  a 
basin  of  tepid  water,  and  after  well  moistening  the  back  of  the  neck  to 
|«iss  the  current  through  for  ten  minutes;  on  account  of  the  non-con- 
ducrivity  of  tiie  dry  hair  of  the  rabbit,  general  faradization  was  almost 
impossible. 

Legros  and  Onimus  electiized  with  the  galvanic  current  some  pup- 
pies for  a  quarter  of  an  hour  every  day,  by  placing  one  of  the  fore-paws 
MLd  one  of  the  hinder  paws  in  tepid  water  connected  with  the  elec^ 
trodes.  At  the  end  of  six  weeks  those  that  had  been  electrized  weighed 
more  than  the  same  lot  that  had  not  been  electrized  ;  and  this  differ* 
enoe  was  perceptible  to  simple  inspection ;  one  was  galvanized  with  the 
ascendingi  and  the  other  with  the  descending  current. 

The  effect  of  faradization  on  nutrition  is  powerfully  illustrated  by 
the  experience  of  those  who  habitually  or  frequently  apply  general  fara- 
dization through  their  own  persons,  taking  an  electrode  in  one  hand, 
and  applying  the  other  to  the  body  of  the  patient  In  this  method  the 
current  passes  through  both  arms,  and  vigorously  contracts  the  muscles. 
The  permanent  effects  of  the  current  on  the  person  of  the  operator 
are  : 

1 .  To  cause  very  marked  and  sometimes  rapid  growth  of  the  muscles 
0f  the  arms. 

The  explanation  of  this  phenomenon  is  sufficiently  easy.     The  mus- 
cular contractions  that  are  produced   by  the  current  in  its  passage 
through  the  arms  cause  increase  of  the  local  processes  of  waste  and 
repair,  and  accordingly  the  muscles  increase  in  size,  just  as  they  natu- 
rally do  under  the  influence  of  any  other  form  of  active  or  passive  exer 
cise.     This  mechanical  explanation  would  be  of  itself  sufficient,  but,  in 
addition,  it  is  entirely  probable  that  the  electric  current  exercises  a 
direct  and  specific  influence  on  the  nerve-branches,  which  effect  is  ex 
pressed  by  the  increased  size  and  vigor  of  diq  muscles  through  which 
^he  nerves  ramify. 
,     Dr.  Rockwell,  during  his  Erst  experimental  attempts  in  the  treatment 
Of  disease  by  general  electrization,  observed  a  decided  increase  in  the 
development  of  the  muscles  of  the  arm.     It  began  to  force  itself  on  his 
A.ltention  a  few  weeks  after  he  commenced  to  give  special  attention  to 
iteoeral  electrization,  and  at  the  present  time  it  is  fully  as  marked  as 
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ever.  Both  arms  of  each  one  of  us  have  not  only  increased  much  m 
sUc  by  actual  measurement,  but  also  coixespondingly  in  strength  and 
hardness.  This  effect  is  observed  in  the  arm  and  forearm,  but  most 
decidedly  in  die  muscles  which,  from  their  position  or  nerve  supply^ 
contract  most  readily  and  vigorously  when  the  current  passes  from 
hand  io  hand,  such  as  the  deitoid,  brachialis  anticus,  biceps,  and  the 
flexors  and  extensors  of  the  forearm.  This  same  etfect  has  been  noticed, 
to  a  greater  or  less  degree,  by  our  students,  and,  so  far  as  we  have 
been  able  to  ascertain,  by  others,  who  have  employed  electricity  through 
their  own  persons  for  any  considerable  period.  This  development  of  the 
arms  seems  to  progress  up  to  a  certain  limit,  at  which  it  remains* 

2.  A  very  gradual  but  decided  tonic  influence  on  the  system. 

This  effect  is  so  exceedingly  slight,  that  in  a  very  hardy  and  vigorous 
person  it  would  not  be  recognized.  That  the  current,  in  passing  from 
hand  to  hand,  so  frequently  and  so  long,  should,  in  the  course  of  time, 
mildly  affect  the  general  system,  is  entirely  jirobable.  Like  any  other 
muscular  exercise  of  the  arms — gymnastics  and  the  use  of  the  clubs — 
its  infiuence,  so  far  as  it  goes,  must  be  positively  toniiig  and  beneficial 
to  the  constitution. 

Effects  of  Electricity  on  Bacteria. —  Cohn  has  experimented  with 
electricity  on  bacteria.*  Currents  from  two  powerful  elements,  steril- 
ized the  nutritive  solution  completely  at  the  positive  pole  in  twelve  to 
twenty-four  hours,  so  that  afterward  the  bacteria  produced  did  not  in- 
crease. At  the  negative  pole  the  action  was  weaker,  tJie  liquid  not 
being  completely  sterilized.  At  neither  of  the  poles  were  the  bacteria 
killed,  and  when  brought  into  another  nutritive  fluid  tiiey  developed 
normally. 

Yeast-cells,  on  the  other  hand,  and  mycelium  fungus,  brought  into 
the  liquid  that  was  sterile  for  bacteria,  increased  plentifully  at  the  posi- 
tive pole.  A  battery  of  five  strong  elements  killed  the  bacteria  dis- 
tributed in  the  liquid  within  twenty -four  hours  and  sterilized  the  liquid 
at  both  poles. 

Effect  of  Electricity  on  the  Growth  of  Plants. — The  influence  of 
electricity  on  the  growth  of  plants  has  recently  been  studied  by  Mr.  fL 
H*  Bridgenjan,  of  Norwich,  England.  On  a  plate  of  glass  three  inches 
square,  two  strips  of  sheet-tin  are  laid,  so  as  to  ahnost  touch  in  the 
centre.  On  this  glass,  and  over  the  tin  strips,  is  spread  a  piece  of  felt 
moistened  with  rain  water.  On  its  dampened  surface  cress-seeds  are 
thickly  strewed.    The  tin  plates  are  connected  with  the  poles  of  a  weak 
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^aWanic  battery ;  the  result  is  that  one-half  of  the  felt  is  charged  withJ 
Ppositive  and  the  other  half  with  negative  electricity.  At  the  side  of  Ihisi 
plate  is  a  second  plate,  which  has  connection  with  the  battery,  and 
upon  which  the  seeds  grow,  subjected  to  no  artificial  conditions.  After 
four  days  the  seeds  on  the  opposite  side  of  the  first  piece  of  felting  gave 
signs  of  germination,  and  the  hulls  were  shrivelUng  up  and  becoming 
black.  On  the  negative  side  of  the  felting  the  seeds  were  s^rollen,  and 
their  hulls,  which  retained  iheir  natural  color,  vvere  beginning  to  burst. 
At  the  end  of  six  days  the  first  shoots  niatle  their  appearance.  Several 
days  later  the  first  shoots  appeared  upon  the  second  plate,  A  strange 
result  of  this  trial  was,  that  while  on  the  negative  pole,  where  there  was 
every  sign  of  stronger  dcveloimietit,  the  root-sprout  sank  down  ward 
into  the  moist  felting,  the  roots  frojn  the  positive  side  rose  upward  from 
the  blackened  and  dried-up  seeds. 
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EUctrO'Therapeuiics  is  ihi  science  thai  treats  of  the  study  of  eledri* 
city  in  its  relation  to  disease. 

It  includes  both  Electro- Medicine  and  Electro-Surgery^  or  as  they 
are  more  commonly  termed,  Medical  and  Surgical  Electricity,  Undet 
Medical  Electricity  are  included  ^/^r/r^-Z^/^^z/^m,  or  Electro-Pathology^ 
as  it  is  sometiiwes  termed,  and  Electro-Therapeutical  Anatomy, 

The  earliest  history  of  electro-therapeutics,  as  of  many  other  depart 
ments  of  medicine,  is  shrouded  in  obscurity.  It  dates  back  to  a  mythi- 
cal and  legendary  age,  before  mankind  had  been  trained  to  habits  of 
scientific  criticism,  while  y^t  history  was  a  mass  of  traditions,  and  rumot 
was  a  substitute  for  truth. 

It  is  said  that  centuries  ago  the  negresses  of  West  Africa  were  accus- 
tomed to  dip  their  sick  children  in  water  where  lay  the  electric  fish  called 
the  torpedo.  The  remedial  powers  of  electricity  were  also  referred  toby 
Pliny  and  Dioscorides.  Scribonius  Largus,  a  physician  of  the  time  of 
Tiberius,  was  accustomed  to  prescribe  the  same  remedy  in  the  treat- 
ment of  gout.  As  long  ago  as  the  days  of  Phny,  necklaces  of  amber 
were  worn  by  women  and  children  for  the  sake  of  their  supposed  reme- 
dial powers. 

The  mysterious  power  of  the  magnet  was  known  to  the  ancient  world, 
Dut  we  have  no  reason  to  believe  that  it  was  ever  extensively  resorted 
to  by  them  for  the  cure  of  disease.  In  Europe,  during  the  middle  ages, 
the  loadstone  was  nsed  in  the  treatment  of  disease,  and  although  its 
luccesses  were  trifling  it  aroused  the  professional  attention  and  received 
extravagant  praise  from  the  distinguished  Paracelsus.  About  the  mid- 
dle of  the  eighteenth  century,  Maximilian  Hehl,  of  Vienna,  and  others, 
excited  a  new  and  more  successful  interest  in  the  use  of  magnetism  in 
disease  by  the  manufactiire  and  en^plojTiient  of  artificial  magnets. 

The  real  history  of  electro-therapeutics  may  be  divided  into  three 
eras  .*  the  Era  of  Franklin ic  Electricity,  including  the  early  and  crude 
experiments  with  the  frictional  machines  and  the  Ley  den  jar  j  the  Erm 
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^  Cnhanisaiwff^  beginning  n-ith  the  pubHcation  of  the  discover)-  of 
tiaivani,  in  1791,  and  including  the  inveDtion  and  medical  employment 
^  Ute  voltaic  pile  ;  the  Era  of  Faradi%^'wn^  beginning  with  the  discov- 
^O^  of  induction,  in  1831-32,  and  including  all  that  has  since  been  ac- 
complished in  the  department  of  localijted  and  general  electrization. 

In  the  first  era  only  franklinic  electricity  was  used,  because  it  was 
*^^  only  form  that  was  known ;  in  the  second  era,  both  franklmic 
^^^^^ctricity  and  galvanism  were  used,  since  the  latter  supplemented,  but 
**^^>t  entirely  supplanted,  the  former  ;  in  the  third  era,  all  three  forms  of 
^^^tridty — franklinic,  galvanic,  and  faradic — were  brought  into  requisi 
^^^^,  tbongh  the  use  of  franklinic  is  confined  to  a  few,  and  will  proba- 
*  3'  soon  become  hbtoric. 

Tht  Era  of  FrankUnic  Electricity, ^-Th^  records  of  this  era,  though 

^^^t  extensive^  are  yet  both  interesting  and  suggestive.     It  is  probable 

^^^t  (Q  this,  as  in  the  second  era,  very  mxich  was  attempted  and  even 

^^^complished  in  this  department  that  has  never  been  recorded  in  pcr- 

*^:ianent  medical  literature,  and  therefore  could  never  become  of  value 

^^  science. 

In  1 730  Etienne  Grey  first  observed  divergence  of  the  hairs  in  an 
isolated  subject  put  in  communication  with  static  electricity. 

The  same  experiment  was  repeated  by  Abb^  Nollet  and  Du  Fay. 
l>u  Fay  observed  the  electric  sparks  drawn  from  the  isolated  subject 

Nollet  says,  **  I  shall  nev^r  forget  the  surprise  which  the  first  electric 
spark  ever  drawn  from  the  human  body,  excited  both  in  M,  Du  Fay 
and  myself/' 

Sparks  were  then  drawn  from  the  body  in  various  shapes — one  of 
which  was  called  the  electrical  kiss  j  other  forms  were  known  as  the 
"electrical  star/*  "electrical  rain,"  and  so  forth.  The  drawing  of  the 
sparks  constituted  a  great  source  of  amusement  in  the  society  of  tlie 
period 

in  1743  Kruger  d'Helrastadt  suggested  that  these  electric  spark  1 
might  be  made  of  service  in  therapeutics. 

In  1744  Kratzenstcin,  a  German  physician,  recorded  a  case  of 
cure  of  paralysis  of  the  fingers  by  sparks  drawn  from  a  frictional  ap- 
paratus. 

In  1746  the  discovery  of  the  properties  of  the  Leyden  jar  by  Mus- 
chenbfoek  gave  physicians  a  new  means  of  using  electricity  in  the 
treatment  of  disease. 

In  1749  Jallabert,*  of  Geneva,  published  a  treatise  on  the  medical 
Use  of  electricity,  in  which  he  reported  a  cure  of  long-standing  paralysii 

•  Exp€ri€n€€S  mr  EUcirkiti^  Paris^  I747i 
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of  the  right  arm,  resulting  from  injury,  by  electric  sparks.     The  cii 
was  brought  about  in  two  or  three  months,  and  may  perhaps  be  re- 
garded as  the  first  decided  and  unquestioned  result  of  the  kind  that  wai 
obtained  in  the  early  days  of  electro-therapeutics, 

1750  Nebel  showed  that  contraction  of  the  muscular  tissue  was  pro* 
duced  by  electrization. 

Bobadtch,  of  Bohemia,  also  recommended  electricity,  especially  for 
the  treatment  of  hemiplegia. 

In  1753  Lindhult,  a  Swedish  physician,  reported  a  cure  of  epilepsy 
by  electricity. 

In  1754  Suker  made  his  famous  experiment  on  the  tongue  with  zinc 
and  copper  plates.  (See  Electro-Physiology).  He  did  not,  however, 
pursue  his  experiments,  and  it  was  reserved  for  Galvani  and  Volta  to 
discover  galvanism. 

In  1755  De  Haen  reported  a  large  number  of  electrical  cures  of 
paralysis,  spasmodic  and  other  nervous  affections,  and  also  of  suppres 
sion  of  the  menses,  and  SL  Gu/s  dance.  About  this  time,  also, 
Schaeffer  and  Nebel  published  cures  of  rheumatism,  toothache,  hypo- 
chondria, paralysis  of  the  optic  nerve,  and  of  intermittent  fever  and 
neuralgic  pains.  Between  1750  and  1 75 7,  cures  of  paralysis  were  re- 
ported by  Br}'done,  Bertholon,  Sauvages  of  Montpelier,  and  Spry,  the 
latter  of  whom  cured  a  case  of  lockjaw  and  pviralysis. 

The  position  that  electro-theraiieutics  held  at  that  time,  and  the 
hopes  that  were  entertained  of  it,  is  very  well  represented  in  a  little 
treatise  by  the  eminent  divine.  Rev.  John  Wesley,  entitled,  The  Desid- 
eratum  ;  or^  Electricity  Made  Plain  and  Useful^  by  a  Lover  of  Mankind 
and  of  Common  Sense,     1759,*  ^ 

In  this  treatise  the  author  anticipates,  in  a  sort  of  theoretical  way,  fl 
verj"  much  that  has  since  been  demonstrated,  both  in  electro-physics  and 
electro-therapeutics,  and  with  surprising  accuracy.  In  the  preface  he 
acknowledges  his  indebtedness  **  to  Mr.  Franklin  for  the  speculative 
part,  and  to  Mr.  Lovett  for  the  practical."  He  also  mentions  as  authori- 
ties. Dr.  Haadley,  Mn  Wilson,  Watson,  Freke,  Martin,  Wat  kins,  and 
the  Monthly  Magazine,  whence  we  may  conclude  that  even  at  that 
early  day  the  subject  was  exciting  much  interest,  but  more  among  the 
laity  than  in  the  profession. 

From  the  tone  of  the  book  it  is  clear  that  the  Faculty,  as  Wesley 
calls   the   profession,  were  disposed    to    despise    electro  therapeutics 


*  This  treatise  lias  been  recently  republished  by  Bailli^re,  TbdaU  h  Cox.    Loadofv 
1871. 
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tad  to  reject  its  claims,  as  they  have  been  ever  since*  until  withiu  a  few 
years,  and  consequently  they  suffered  what  was  really  valuable  in  medi* 
cine  to  be  monopolized  by  the  laity. 

The  mind  of  Mr,  Wesley,  as  the  t%'orld  knows,  was  of  the  practical 
sort,  and  in  this  treatise  he  does  not  suffer  himself  to  be  carried  away 
into  gross  hyperbole  or  serious  untruth.  He  expressly  disclaims  any 
idea  of  regarding  electricity  as  a  panacea,  but  says  what  we  now  know 
to  be  true,  that  it  is  indicated  in  a  wide  range  of  disorders  ;  but  that  if 
any  one  agent  should  ever  become  a  panacea,  electricity  stood  the  best 
chance  of  being  that  agent. 

Evidently  ignorant  of  Franklin*s  invention  of  lightning-rods,  in  I77S# 
he  suggests  that  buildings  and  ships  might  be  saved  from  the  effects  of 
lightning,  by  "  upright  rods  of  iron,  made  sharp  as  needles  and  gilded  to 
prevent  rusting,"  and  connected  with  the  earlh.  He  further  suggests^ 
that  the  northern  lights  are  of  electrical  origin. 

He  gives  the  following  list  of  diseases  in  which  electricity  is  of  service, 
with  a  number  of  illustrative  cases,  most  of  which  are  very  imperfectly 
detailed.  It  will  be  observed  that  most  of  these  diseases  are  still  treat- 
ed electrically,  and  with  greater  or  less  success.  It  seems  from  the  list 
that  the  treatment  of  diseases  of  the  skin  by  electricity  is  simply 
another  attempt  to  effect  what  was  accomplished  with  success  more 
dian  a  century  ago. 

All  these  conclusions  of  Wesley  and  his  contemporaries  were,  how- 
ever, based  on  experiments  made  with  franklinic  electricity.  The 
World  was  to  wait  forty-one  years  for  the  Voltaic  pile,  and  seventy-two 
years  for  Faraday  to  discover  induction, 

**  Agues,  St.  Antliony*5  Fire  ;  Blindness,  even  from  a  Gutta  Serena ;  Blood  Extra- 
tisated  •  Bronchoccle  ;  Chlorosis ;  CoMness  in  the  Feet ;  Consumption  j  Contraction 
of  the  Limbs ;  Cramps;  Deafness;  Dropsy;  Epilepsy;  Feet  violently  disordered ; 
l^dons ;  Fistula  Lacrymalis;  Gout;  Gravel;  Head-ache  j  Hysterics;  Inflamma- 
^icms;  King^sEvilj  Knots  m  the  Flesh;  Lameness;  Leprosy;  Mortification;  Pain 
1*1  the  Back,  in  iJie  Stomach;  Palpitations  of  the  Heart;  Palsy;  Pleurisy;  Rhcu* 
%nattsm;  Ringworms;  Sciatica;  Shingles;  Sprain;  Sore  Feet;  Swellvngs  of  all 
Vuids  ;  Throat  sore  ;  Toe  hurt ;  Tooth-ache  ;  Wen,** 

In  1763  Watson  cured  a  case  of  general  tetanus  in  a  young  girl  of 

«even  years.     Although  the  fame  of  the  cures  wrought  by  electricity 

attracted  crowds  of  invalids,  yet  by  the  ignorant  and  superstitious  it 

was  confounded  with  witchcraft,  and  the  aid  of  the  priest  was  invoked 

to  save  them  from  its  baneful  inSuence.* 

.  •  A  Trtaiist  m  Medkml  El^tricity,  Tht^retkal  and  Praetkal  By  J.  Alth«i% 
Af  ,D,     1S70,  p»  284. 
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CRUDENESS  OF  THE   EARLY   EXPERIMENTS. 


Abb^  Sans  published  a  work  on  rhe  medical  use  of  electricily,  and 
recorded  important  cures.  According  to  this  authority,  there  were 
seven  different  methods  of  emplo)nng  static  electricity — "  an  electric 
bath^  drawing  sparks,  by  irroration,  friction,  insufflation,  exhaustion,  and 
couimotion."  Injurious  and  negative  as  well  as  favorable  results  were 
sometimes  reported  Thus  Dr,  Hart  brought  on  paralysis  in  a  girl, 
and  Abb^  Mazras  excited  epilepsy  in  one  of  bis  patients,  Benjamin 
Franklin  failed  to  cure  the  invalids  that  flocked  to  him  after  his  great 
discovery,  and  Abbe  Nollet,  after  many  years'  experience,  was  com- 
peHed  to  admit  that  he  had  seen  but  little  permanent  benefit  from 
electricity. 

Symptoms  only  treated  in  these  early  Experiments. — In  these  early 
and  many  of  the  later  experiments,  not  disease,  but  the  results  of 
disease,  were  both  studied  and  treated.  Wlien  electricity  was  applied,  it 
was  to  the  symptoms  and  not  to  the  pathological  condition ;  hence  the 
enormons  blunders  and  frequent  failures  of  the  early  electro- therapeu^ 
tists.  The  symptoms  most  treated,  and  in  the  treatment  of  which  the 
greatest  hopes  were  entertained,  were  blindness,  deafness,  paralysis  of 
morion,  syniptoitis  which  are  now  known  to  depend,  in  very  many  in- 
stances, on  pathological  states,  which  are  in  their  very  nature  as  incurable 
as  death  itself  Still  further,  the  applications  were  made  to  the  seat  of 
the  symptoms  exclusively,  instead  of  to  the  seat  of  the  disease,  and  this 
mistake  helped  to  swell  the  number  of  the  failures. 

Physiology  and  pathology  had  not  yet  reached  that  degree  of  strength 
and  breadth  of  sureness  lo  furnish  good  foundation  on  which  to  erect 
the  science  of  electro  therapeutics,  and  withal  the  appliances  for  gene- 
rating electricity  were  bulky  and  untrustworthy. 

Electro  therapeutics  was  therefore  baffled  in  its  first  attempts  at 
growth,  through  lack  of  needful  support  from  allied  and  fundamental 
sciences  ;  it  must  wait  for  physics,  for  physiology,  for  pathology  to  come 
to  its  rescue,  which  in  due  time  they  have  done  and  are  now  doing. 

In  1773  and  1778  Maduyt  presented  memoirs  *  f  '^'^  the  subject, 
in  which  he  aflirmed  in  his  report  that  electricity  was  a  remedy  of  vast 
and  varied  powers  ;  that  it  had  a  positive  and  very  beneficial  influence 
over  nutrition  ;  and  that  it  equalized  the  circulation,  raateriaPy  affected 
the  pulse,  the  perspiration,  and  the  secretions ;  and  was  surprisinglj? 

•  Mem.  stir  les  cflTels  generaux,  I&  nature  ct  I'usagc  du  fluide  ^Icctrique  con^jder^ 
rotnme  nielicamcnt.     Lu  en  d^ccmbre.  1778,  ii  la  Socielc  loyale  dc  m^edne. 

f  Mem.  snr  les  difTerentcs  muniires  d'iidniinislrer  r<fleclridiei,  et  observations 
les  efreUc|uecei  divers  moyetis  ont  produiti.     Ltt  en  dcccmbre,   1783*  ^  1 
rnyalc  de  m:'decmc 
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cfiicacious  in  the  treatment  not  only  of  paralysis,  but  also  of  other  con 
ditions,  such  as  constipation  and  oedema.  This  report  aroused  con- 
siderable' interest  in  electro-therapeutics  on  :he  part  of  the  profession, 
And  for  a  season  the  apph'cation  of  franklinic  electricity  became  eacten- 
sively  popular.  In  1777,  Cavallo  published  a  work  *  which  excited  con- 
siderable attention.  He  reported  cures  of  epilepsy^  paralysis,  chorea, 
deafness,  blindness,  rheumatism,  glandular  enlargements,  and  recum- 
inended  electricity  as  a  means  of  artificial  respiration. 

On  the  theory  that  medical  substances  might  be  combined  with 
electricity,  Pivati,  of  Venice,  placed  in  his  electric  machine  a  glass 
cylinder,  filled  with  Peruvian  balsam,  and  Giuseppe  Briini  affirmed  that, 
fcy  the  same  arrangement,  filled  with  purgatives,  he  had  produced  the 
same  effect  on  an  electrified  patient  as  though  the  remedy  had  been  ad- 
ministered internally,  f 

In  1785  VV^ilkinson  presented  the  results  of  some  experiments  with 
electricity  in  England.  Although  the  fame  of  the  cures  wrought  by  the 
new  remedy  attracted  thousands  of  the  people^  yet  by  the  ignorant  and 
superstitious  electricity  was  confounded  with  the  spirit  of  evil.| 

Of  the  seven  methods  of  employing  statical  electricity  recommended 
by  these  early  experimenters,  but  three  were  in  common  use.  These 
were,  the  tkcirU  hath,  ehctrization  by  sparks,  and  shocks  from  the  Ley- 
d^n  Jar, 

The  Era  of  Galvanization, — Animal  electricity  was  discovered  by 
Oalvani  in  1786,  and  made  public  in  1791.     It  was  by  the  experiments 
of  Oalvani  that  Volta  was  stimulated  to  investigate  the  subject  of 
electricity.     He  denied  the  existence  of  animal  electricity  which  Gal 
i^ani  had  discovered.     One  of  the  most  important  fruits  of  the  discus- 
sion that  arose  between  them  and  their  respective  followers  was  the 
Construction   of   the  voltaic  pile,  which    for  many    years    physicians 
Employed,  with  various  alternations  of  failure  and  success,  in  the  treat- 
'^ent  of  disease. 

In  the  period  intervening  between  the  discovery  of  animal  electricity 
fcjy  Galvani,  and  the  construction  of  the  pile  of  Volta,  electricity  was 
Applied  to  the  body  by  means  of  metallic  plates,  joined  together  by  a 
%i;ietaUic  arc*  Sometimes  these  were  simply  placed  against  the  skin, 
^uid  sometimes  over  spots  denuded  by  a  blister. | 

•  A  CoTnpkte  Treat I'se  on  Electricity^  in  Theory  and  Practice,  with  original  Ex- 
Y»enments^     Londres,  1777.     Id.^  Medical  Electricity,     Londres,  1780, 
f  AUliaus,  op.  ciL,  p.  2S7. 

%  A,  Trrpicr,  Manuel  dVlcctro-th^rapic,  cxpos^  pratique  et  critique  des  applrcationi 
■i^tcaloi  ct  chirurgicAles  dc  P^lcctric  td,     Paris,  1S60.       §  Tripier,  op.  cit.,  p.  262. 


2C4 


ERA  OF   GALVANIZATION. 


In  1792,  Behrend,  Creve,  and  Klein  suggested  the  u?e  of  gal 
as  a  means  of  distinguishing  real  from  apparent  death.  The  firsl 
attempts  to  make  galvanism  of  practical  service  in  the  treatment  of 
disease  were  made  by  Professor  Loder,  of  Jena.  The  results  of  hij 
experiments  were  unsatisfactory. 

In  1793  Hufeland  and  Rctl  advised  the  use  of  galvanism  in 
paralysis. 

In  1796  Pfaff  advised  the  same  remedy  for  amaurosis.  None  of 
these  authorities  spoke  from  much  personal  experience.* 

In  1797,  Alexander  von  Humboldt  f  suggested,  on  theoretical 
grounds,  the  use  of  galvanism  in  paralysis,  rheumatic  pains,  and  dis- 
eases of  the  eyes. 

Valli  actually  restored  to  life,  by  galvanism,  frogs  and  fowls  that  had 
been  nearly  suffocated. J 

*  The  voltaic  pile,  invented  in  iSoo»  marked  an  era  in  the  medical  use 
of  the  galvanic  cuiTcnt,  because,  with  all  its  imperfections,  it  was  vastly 
superior,  for  therapeutic  purposes,  to  the  metallic  plates  that  had  pre- 
viously been  employed  during  the  period  which  had  elapsed  since  the 
discovery  of  Galvani.  It  was  at  once  employed  by  Loder,  in  Jena,  by 
Grape ngiesser,§  Bischoff,  and  Lichtenstein,  in  Berlin,  and  by  Haller, 
in  Paris,  chiefly  in  cases  of  paralysis. 

In  180  r,  Augustin,  of  Berlin,  published  a  treatise  on  galvanism,  in 
which  he  reported  results  of  treatment  of  paralysis  by  applying  the 
negative  pole  to  the  central  end  the  nerve,  and  the  positive  to  the 
peripheral.  Prof  Schwab  experimented  with  the  voltaic  pile  in  cases  of 
deaf- mute  ism.  In  1802  Sigaud  de  la  Fond  published  a  work  in  which 
he  recommended  fraoklinic  electricity  for  nearly  every  form  of  disease. 
In  1804,  Aldini,  a  pupil  of  Galvani,  published  a  treatise  on  galvanism, 
in  which  he  theoretically  recommended  it  for  deafness,  insanity,  and 
amaurosis,  and  also  to  produce  artificial  respiration. || 

Even  during  this  era,  and  for  many  years  after  the  invention  of  the 
voltaic  pile,  franklinic  electricity  was  still  employed. 

In  I  Si  7  Dr.  Thomas  Brown,  of  Albany,  published  a  work  entitled 
**  The  Ethereal  Physidan^^  in  which  he  recommended  franklinic  electri- 
city for  paralysis,  ric-douloiireux,  epilepsy,  chorea,  and  in  a  large  variety 
of  disorders. 


*  Tripier,  op.  cit,,  p,  263. 

f  Versucli  liber  die  gerekte  Muskel  and  Nervenfaser,     Berlin,  1 797. 
%  Ejtp^ricncc  sur  le  galvanisme,  traduit  par  Jadelot.     Paris,  1799. 
§  VersDche    den   Galvinismus  lur    Heilutig    dnigcr    Krinklieilen    anrtiwcnden. 
Berlin,  I  Sot.  ]  Essai  tb^oriquc  ct  exp^rimenta  sur  le  galytuiisme.     1804. 
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Jn  iSi8  Dr.  Everett,  of  New  York,  published  something  on  the  use 
Df  elecrricity  in  medicine  that  was  based  oa  experience  that  he  had  de- 
rj  ved  with  the  apparatus  of  Dr,  Brown. 

In  spite  of  all  these  endeavors  on  the  part  of  scientific  men  to  give 
irtiporlaoce  and  dignity  to  the  cause  of  electro- therapeutics,  it  failed  to 
Tiilfil  the  extravagant  expectations  that  had  been  formed  of  it ;  a  reaction 
followed,  and  it  fell  into  disrepute.  Electricity  had  been  tried  for  a 
^^ride  range  of  diseases,  but  partly  on  account  of  the  inconstancy  of  the 
V-oltaic  pile,  and  partly  through  the  ignorance  of  the  operators,  it  was 
fcDund  to  be  a  most  uncertain  remedy*  It  was  confounded  with  raes- 
x^aerism,  which  at  this  period  came  into  notoriety,  and  for  a  time  it 
shared  its  fate. 

Many  of  the  early  Experiments  made  by  the  Laity, — It  will  be  seen  by 
^  glance  at  the  above*mentioned  names  that  the  earliest  experiments 
vji  electro-therapeutics  were  made  by  the  laity.     A  science  that  now 
^^ommands  some  of  the  best  brains  of  civilization  was  born  among  the 
tumble  and  the  lowly.     It  was  cradled  in  ignorance  and  reared  and 
"fostered  by  those  who,  however  eminent  in  other  walks,  knew  little  or 
^nothing  of  medicine.     Chemists,  physicists,  priests  and  paupers,  monks 
and  mountebanks,  were  in  the  eighteenth  century  the  leading  authorities 
in  electro-therapeutics.     If  there  were  those  at  this  time  who  had  faith 
io  the  coming  of  a  better  day,  when  electro-therapeutics  should  be  a 
recognized  and  permanent  part  of  the  medical  science,  it  was  their  mis- 
fortune to  die  without  the  sight.     Not  until  the  close  of  the  eighteenth 
Century  were  the  great  discoveries  of  Galvani  and  Vol ta  revealed  to  the 
workl,  which  was  to  work  and  wait  for  at  least  half  a  century  before  it 
should  see  even  the  beginning  of  the  fulfilment  of  its  hopes.     Some  of 
the  great  sciences,  like  some  of  the  great  religions,  have  had  the  hom- 
^iest  origin. 

Of  the  early  history  of  electro -physics,  Whewell*  thus  remarks:— 

**  At  such  a  period  a  large  and  popular  circle  of  spectators  and  ama- 

^^urs  feel  themselves  nearly  upon  a  level  in  the  value  of  their  trials 

'^-tid  speculations  mth  the  more  profound  thinkers ;  at  a  later  period, 

'^^hen  the  subject  is  becoming  a  science,  that  is^  a  study  in  which  all 

*"^au5t  be  left  far  behind  who  do  not  come  to  it  with  disciplined,  informed, 

'^^nd  logical  minds,  the  cultivators  are  far  more  few,  and  the  share  of 

^S^pplause  less  tumultuous  and  less  loud.     Electricity,  to  be  now  studied 

^^ghtly,  must  be  reasoned  upon  mathematically,*' 

What   AVhewell  here  says  of  electro-physics  may  just  as  truly  b« 
^fcpplied  to  electro-therapeutics. 

•  History  of  the  Inductive  Sciences,  2d  ed.,  vol.  iL,  p,  aoow 
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CHARACTER  OF  THE  EARLY   EXPERIMEiNTERS. 


In  the  earlier  experiments,  the  philosopher  and  the  fool  were  jJiett) 
nearly  on  the  same  level  in  their  knowledge  of  the  application  of  this 
sul  tie  force  to  the  treatment  of  diseases,  with  this  advantage  on  the  side 
of  tJie  fool,  that  throtJgh  tlie  very  excess  of  his  ignorance  he  dared  and 
ventured  where  the  philosopher  knew  just  enough  to  fear  to  tread. 

It  was,  as  we  shall  see,  a  long  time  before  electro-therapeutics  should 
be  gradually  developed  into  a  science  of  sufficient  positiveness  to  com- 
mand the  attention  of  men  of  science  for  its  own  sake,  and  to  excite  the 
despair  of  the  iguorant. 

Here,  as  in  all  other  realms  of  investigation,  the  development  is  from 
simplicity  towards  complexity,  from  generals  to  specials,  and  from  truthi 
that  are  common  to  all  classes,  to  truths  that  only  a  few  specialists  can 
thoroughly  master.  We  are  reminded  here  of  the  beautitul  thought 
of  Thoreau,  When  reproached  for  his  exclusiveness  and  love  of  solitude, 
he  replied,  *'  It  is  not  so  much  that  I  love  to  be  alone»  as  that  I  love  to 
soar,  and  the  higher  I  ascend^  the  company  grows  thinner  and  thinner, 
until  at  last  I  am  left  almost  alone/* 

Strikingly  this  principle  has  been  illustrated  even  in  the  most  recent 
history  of  electro-therapeutics,  both  in  Europe  and  America.  A  field 
now  occupied  by  some  of  the  ablest  scientists  of  Germany,  England,  and 
France,  was  formerly  crowded  with  lawless  intruders. 

When  we  began  to  write  on  this  subject  in  1866,  a  tide  of  in- 
quiries at  once  set  in  upon  us,  from  all  parts  of  the  country.  The 
authors  of  these  letters,  with  some  few  exceptions,  we  have  never  seen  ; 
but,  judging  from  the  style  of  composition  and  the  character  of  the  in- 
quiries, they  were  as  a  rule  comparatively  ignorant,  and  belonged  to 
the  lower  strata  of  the  profession.  Letters  that  we  receive  more  re- 
cently during  tlie  past  three  years,  evidently  come  from  many  of  the 
best  men  in  the  profession.  As  the  science  develops,  brains  and  cul-- 
lure  are  attracted  to  it.  In  our  large  cities,  those  who  are  studying  this 
subject  are  among  the  most  promising  names  in  science. 

In  1825,  Sarlandi^re  proposed  the  employment  of  acupuncture 
needles  in  galvanization,  so  that  the  current  could  be  more  exclusively 
and  definitely  localized  on  the  desired  nerve  or  organ.  This  method 
of  treatment  was  called  electro-puncture.^  He  used  for  this  purpose 
franklinic  electricity.  Subsequently  Magendie  successfully  experimented 
with  galvano-puncture  in  neuralgia,  paralysis,  and  other  nervous  dis- 
eases. 

The  discovery  of  electro  puncture  was  the  beginning  of  the  science 

*  M6m.  sur  r£lectro-|mncture«    Farl%  iSaS* 
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of  etefo-surgery,  a  department  which  at  that  time  commanded  a 
wiikr  luterest  than  the  medical  use  of  electricity,  and  which  has  now  n 
most  important  position  in  science. 

Gcra/d  and  Prava2  suggested,  and  P^trequin  and  Ciniselli  succeedeo 

in  ctiring  aneurism  by  galvano-puncture.     Subsequently  galvano-cauter* 

.jption  has  been  in%^estigated  by  Steiuheil,  Middeldoq)flf  (1859),  Amus- 

'^'m  Allhaus,  Byrne,  ourselves,  and  many  others.     (For  detailed  history 

of  the  surgical  uses  of  electricity,  see  Electro-.Surgery,  Chapter  I.) 

In  1826,  Baura^  published  in  London  a  work  on  gaJvanisni,  which 
two  years  later  reappeared  in  a  different  form,  and  was  translated  into 
f^reuch  by  Fabre  PaUprat,  who  was  the  ftrst  to  use  the  galvanic  current 
nidcctro'ptjncture. 

Tht  Era  of  Faradization, — The  publication  of  the  discovery  of  in- 
ductive electricity  by  Faraday,  in  1831-2,  changed  the  whole  course  of 
L^  electro-therapeutics.  On  the  basis  of  this  discovery  electric  machines 
^1  were  constructed  that  were  both  more  reliable  and  more  convenient 
^^hflto  the  ordinary  voltaic  pile.  The  first  magneto-electric  machine  was 
^^Wtetructed  by  Pixii  in  i8j2,  and  was  first  employed  in  the  treatment 
^p  of  dbeases  by  Neef  of  Frankfort.  Afterwards  electro-magnetic  {volta- 
^^    electric)  machines   were   constructed   by  Neef,   Clarke,  Stohrer,  and 

k  others,  which  from  time  to  time  have   been  variously  modified  by  a 
^g«  number  of  experimenters  in  different  countries. 
From  this  time  electricity  in  the  form  of  faradization  began  to  be  ex- 
pensively and  indiscriminately  employed,  both  in   this  country  and  in 
*''^rope.     It  was  used  by  the  laity  as  well  as  by  the  profession,  though 
^^  ftrst  without  any  recognized  method,  and   without  any  very  clear 
^^eas  of  the  indications  for  which  electrization    was  adapted.     Since 
J  ^'^t  time  four  distinct  methods  of  medical  electrization  have  been  intro- 
j  coced,  in  which  the  galvanic  as  well  as  the  faradic  current  have  been 
[Appropriated,  and  under  one  or  the  other  of  which  may  be  classed  all 
applications  of  faradic  or  galvanic  electricity  tlmt  have  since  been 
rtoyed.     These  methods  are  localised  faradization,  localized  galvan- 
^^fiifft,  general  faradization^  and  central  gaivanization. 
^^m-^ist<^jf  of  Localised  Ftiradization. — The  history  of  localized  electri- 
B^*^*^^  is  identified  with  the  name  of  Buchenne,  whose  experiments  and 
wsooveries  have  given  such  an  impetus  to  this  important  and  growing 
^^^Partment     Duchenne  was  not,  however,  the  first  to  employ  localized 
B'|''^^»^ation.     Prior  to  his  time,  faradization  had  been  used  by  Masson 
^'Unce,  and  Neef  of  Frankfort ;  and  in  this  country  it  has  been  em- 
^  ^ye<3  |jy  the  profession  and  by  the  laity  from  the  period  of  the  first 
^**Iari2ation  (*f  machines  of  induction. 
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LOCALIZED  FARADIZATION. 


Even  as  early  as  1845  loaiVucd /a tadtsaH&n  was  used  in  tliis  countr> 
side  by  side  with  general  faradization,  though,  like  the  latter,  il  had  re* 
ceJved  no  distinct  nomenclature,  and  was  indiscriminately  recommended 
and  unscientifically  applied.*  The  t\vo  methods,  localized  and  general, 
were  frequently  confounded,  and  both  wei^  known  under  the  vague 
term,  •'electrifying.'*  Dtichenne's  earhest  attempt  to  call  the  attention 
of  the  profession  to  this  subject  is  thus  recorded  in  his  own  words  : — 

**  De  Tart  de  Iimiter  rexcitation  4lectrique  dans  les  organes  sans 
piquer  ni  inciser  la  peau,  nouvelle  mfithode  d' electrisation  appel^e  il^^- 
trisaiion  localiset^  et  dont  les  princii>eSj  r<5som^s  dans  une  note  adress^e 
en  1847  \  rAcad6mie  des  Sciences,  ont  6t6  d<Sveloppls  et  publics  dans 
\qs  archives  gtnerales  de  M6dicine  en  julllet  et  aout  1S50,  et  ft5vrier  et 
mars  1851."  In  1855  he  published  his  chief  work,  "  De  TElectrisatioa 
Local is€e,  et  de  son  Application  %  la  Physiologie,  k  la  Pathologic,  et  ik 
la  Th^rapeutique." 

This  work  became  known  to  the  profession  in  Germany  through  the 
abridged  translation  of  Dr.  Erdii>ann,  M 

The  leading  idea  of  the  method  of  localized  faradization  of  Du-™ 
chcnne  was,  that  the  current  can  be  localized  over  a  fixed  point  under 
the  skin  if  well-moistened  conductors  are  strongly /r^'^j-^'^/  upon  the  skin. 

He  observed— what  is  perfectly  familiar  to  all  experimenters  in  eleo 
tro-therapeutics — that  when  dry  electrodes  are  applied  to  the  dry  skin^fl 
sparks  with  a  crackling  sound  are  produced,  but  no  sensiition  and  no 
muscular  contraction.  He  observed  that  when  the  electrodes  are  well 
moistened,  contractions  are  excited  in  the  muscles,  with  the  phenomena 
of  sensation. 

He  recommended  three  forms  of  electrodes — solid  metallic  elec- 
trodes, metallic  bnishes,  and  the  hand. 

On  these  observations  and  experiments  Duchenne  based  a  system  of 
electro-therapeytics  and  electro-diagnosis  which,  as  since  refined,  de» 
veloped,  and  modified  by  himself  and  by  numerous  other  laborers  in 
various  countries,  has  now  grown  into  a  permanent  department  of  , 
science.  1 

Loc^alized  faradization  was  ap]jteciated  by  electro-therapeutists  more 
rapidly  than  some  of  the  other  methods  of  using  electricity,  as  electro* 
lyzation,  general  faradization,  galvano- cautery,  and  central  galvaniza- 
tion, for  the  reason  that  it  is  the  easiest  learned  of  all  the  methods  and 

•  In  Pike's  Caladoguc  of  M  sit  hem  attend,  Optical,  and  Pliilosophical  Instruments^ 
184S,  there  is  a  cut  of  the  faradic  apparatus  that  had  t>ecn  in  use  for  five  years  by 
these  early  experimenters^  The  same  work  also  contains  a  cut  illustrating  thek 
oielhol  A  localiied  faradization  of  the  leg. 
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f^uti  only  the  simplest  and  cheapest  form  of  batteiy.  To  be  an 
p^pert  in  it  requires  a  degree  of  skill  and  experience  and  manual  facil- 
%  as  well  as  familiarity  with  the  diseases  for  which  it  is  indicated,  and 
^^e  knowledge  of  electro-physics  and  electrophysiology  are  of  essen- 
"^  serdoe  ;  but  in  none  of  these  respects  is  this  method  as  exacting 
^  ^tiy  one  of  the  others. 

Hence  it  is,  that  localized  faradization  is  the  method  with  which 
''ovices  usuaUy  begin  their  experiments  in  this  branch,  and  it  is  the 
'''cthod  which  by  the  mass  of  the  profession  is  now  more  used  than 
^^y  other. 

^  Among  specialists,  however,  of  all  countries,  localized  galvanization 
'^  tiiore  used  than  localized  faradization,  since  it  meets  on  the  whole, 
^   experience  shows,  a  larger  range  of  indications. 

Jitstory  cf  Zccaiized  Galvanization. — One  of  the  ablest  and  most 
f**^ominent  of  those  whom  the  writings  of  Duchenne  inspired  to  enter 
/^t^fcon  the  study  of  electro-therapeutics  was  Professor  Remak,  of  Berlin^ 
**^is  first  work,  **  Ueber  Methodische  Electrisirung  Geldhmter  Muskeln^^ 
On  the  Methodical  Electrization  of  Paralyzed  Muscles,"  was  pub- 
L  *^hed  in  1855*  In  this  work  he  revived  and  recalled  tlie  attention  of 
K^lle  profession  to  the  galvanic  current^  and  he  furthermore  announced 
P^^tiat  in  order  to  bring  a  muscle  to  complete  contraction  it  is  bettet  to 
[  'feitcite  its  motor  nerves  than  to  allow  the  current  to  operate  on  the 
'^^mscular  substance  itself  His  second  work,  **  Gahano-Therapie  dtr 
^Ycn^en-  and MtiskeUKrankhtitiny^  was  pubhshed  in  i858, 

Remak  became  the  founder  of  a  school  of  electro-therapeutists  in 
C^ermany,  as  Duchenne  had  been  in  France,  Their  systems,  as  has 
%>een  said,  differed  in  two  important  particulars.  Both  used  locaUzeA 
electrization.  Duchenne  used  the  faradic  current,  making  the  applies^ 
tions  to  the  muscles  ;  Remak  used  the  galvanic  current,  making  the 
applications  to  the  motor  nerves, 

Duchenne  declared  that  the  galvanic  current  was  useless  for  the 
treatment  of  disease,  while  Remak  contended  that  it  was  the  only  cur- 
rent that  was  of  any  value.  Duchenne  was  unwilling  to  admit  the 
reality  of  the  discoveries  of  Remak,  and  Remak  as  emphatically  re- 
jected the  conclusions  of  Duchenne,  Both  enforced  their  statements 
by  the  resuks  of  experiments,  and  both  appealed  to  experience. 

It  is  now  well  recognized  by  all  electro-therapetitists  that  there  was 
l^ruth  on  both  sides  of  this  interesting  controversy^ that  the  galvanic 
^d  faiadic  currents  are  both  of  service  in  the  diagnosis  and  treatment 
^f  disease,  and  that  too  in  more  than  one  mode  of  application.  We 
•^ow  see  that  if  Duchenne  was  too  dogmati''^  Remak  was  too  extrava- 
14 
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gant»  but  that  both  of  them,  by  their  experiments  and  labors, 
positive  sen'ice  to  sciencei  and  niade  the  way  easier  and  safer  for  those 
who  have  since  followed  them  in  the  department  of  localized  electriza- 
tion. ^ 

Remak,  shortly  before  his  deaths  published  a  work  entitled   **  >#///i*^| 
cation  ///.  Courant  constant  au  Traitt'mcnt  des  A^hroscSy^   Paris,  1865, 
which  coi-lained  the  leading  ideas  of  his  system,  and  has  been  the  means 
of  stimulating  many  other  experimenters  in  this  difficult  department 

Remak  did  more  than  merely  introduce  the  galvanic  current  to  the 
profession— he  discovered  and  recommended  special  applications  of 
the  current,  and  suggested  the  theor}'  of  its  catalytic  action.  He  was 
the  fir^t  to  scientifically  investigate  localized  galvanization  of  the  cer- 
vical sympathetic,  of  the  brain  and  spinal  cord,  and  thereby  greatly 
widened  the  sphere  of  electro-therapeutics*  Although  at  first  his 
theories  were  scouted,  and  his  statements  discredited,  yet  since  his 
death  they  have,  in  the  main,  been  strikingly  confirmed,  and  are  now 
•egarded  as  accepted  facts  in  science* 

Even  during  this  last  era,  franklinic  electricity  has  been  by  no  ^ 
/Cleans  laid  aside-  In  1847,  Dr.  Golding  Bird  published  very - 
i-'*markable  results  obtained  in  the  treatment  of  amenorrhoea  by 
static  electricity,  in  Guj^s  Hospital.  He  made  use  of  a  Leydcn 
jar.  Franklinic  electricity'  has  been  successfully  used  by  Drs.  Gull 
and  Clement.  It  has,  for  a  number  of  years,  been  successfully 
employed  by  Dr.  Radcliffe  and  others,  in  the  London  Hospital  for  the 
Paralyzed  and  Epileptic.  Quite  recently  Prof.  Schwanda,  of  Vienna, 
has  reported  suggestive  results  from  franklinic  electricity  generated  by 
Holti\s  electrophorus  machine.  Dr.  Arthius,  of  Paris,  has  recently  pub- 
lished a  work  on  the  subject ;  this  has  been  translated  by  Dr,  Leveridgc, 
of  Chicago. 

Within  the  past  fifteen  years  localised  faradization  and  galvanization 
has  been  developed  and  improved  in  France,  in  Germany,  in  England  \ 
and    America,  by  a  nuniber  of  able  and   laborious  men  of  science. 
Among  the  voluminous  authors  in  this  department  may  be  mentioned 
the  names  of  Meyer,*  Becquerel,t  Baierlacher,|   Althaus,§  Tripicr,! 

*  Die  Electricitftt  in  thrcr  Anwcndung  auf  praktische  Medidn.     Berliii,  1S54  Atid 
I86S.     Tfaiislaletl  by  Dr.  H  amnion  J. 

f  Traits  des  apf  lications  de  I*elcctricite  4  Ja  Th^mpeuiiquc.     Paris,  1857. 

X  Die  Induction^-Electriciiat  in  physiologiiich'thefapeiitUcher  Beztehung. 
ocrg,  1857. 

g  Treatise  on  Medical  Electricity,     London,  1859*     L  it  eft  edition,  1873, 
Tanism  in  Paralpis,   Ncurnlgia.  etc.,  1S66. 

I  Manuel  d'Electrothdrapie.     Paris,  i86i« 
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Roicntbil,*  Fronxmhold^t  Xierassen^J  Garratt^g  6enedikt,|  Brenner, ^^ 

History  iff  Gincral  Faradisaiidtt, — ^Jn  general  faradization  the  aim 
is  to  bring  the  whole  body  under  rhe  influence  of  the  faradic  current,  so 
tar  as  is  possible,  by  external  application. 

The  origin  of  general  faradization,  like  that  of  localized,  is  somewhat 
uncertain,  since  it  is  difficult  to  determine  how  long  it  was  used  by  the 
laity  before  we  formally  introduced  it  to  the  profession.  It  is  certain 
that  both  methods  have  been  in  popular,  and,  to  a  certain  extent,  in 
professional  use  in  America,  from  a  period  not  lung  subsequent  to  the 
alarization  of  the  discovery  of  induction,  certainly  a  long  time  be- 
TOre  they  were  introduced  to  the  profession.  One  of  the  first — and 
probably  the  very  first — to  employ  a  form  of  general  faradization  was 
iVillianj  Miller,  of  New  York,  who  began  the  empirical  use  of  this  sys- 
*<^  of  treatment  in  1843,  Since  that  time  some  form  of  general  far- 
^^tion  has  been  employed  by  Sherwood,  of  New  York  ;  Dr.  \\\  Dem. 
!  lumg,  fyf  Portland  ;  Drs.  Garratt,  Cross,  and  Guthrie,  of  Boston  ;  Dr. 
[  ^^^^  of  Rochester,  N.  Y.  ;  Drs.  Page  and  Channing,  and  by  a  very 
s^  niuiiber,  both  in  the  profession  and  out  of  it,  of  whose  names  and 
*^*al  metliods  but  little  is  known,  since  they  have  taken  but  little  pains 
Establish  the  treatment  on  a  scientific  basis,  or  to  introduce  it  to  the 
^^lion  of  the  profession.  Many  of  these  practitioners  combined 
^lued  with  general  faradization,  and  some,  perhaps  the  majority,  em- 
P^^yed  the  latter  exclusively,  tliough  with  little  definiteness  or  precision. 
Althougii^  as  has  been  said,  some  of  these  early  experimenters  were 
^^Cated  physicians,  the  majority  were  ignorant  not  only  of  medicme, 
m\  of  every  other  department,  and  not  a  few,  unfortunately,  were  as 
i^Principled  as  they  were  ignorant* 

Although  many  of  these  experimenters  were  laymen,  although  they 
Iwd  no  part  nor  lot  in  the  realm  of  science,  and  although  many  of  theni 
ire  as  devoid  of  conscience  as  of  intellect,  yet  we  should  none  the 
bfs  eagerly  seek  for  and  accept  whatever  of  truth  they  may  have  stum 

^  Dk  ElecrrothemptCf  ihre  Begnindung  und  Anwcndung  in  der  Medlnn.      Wien^ 

65.     L»rest  edition,  1875. 

f  Elect  rot  he  ra  pic  mil  l3e<!ondercr  Riicksicht  attf  Kerven-Krankbaten ;  vom  prak* 
riichen  Stindpunklc  skizzirt,     Peslh,  1865* 

I  Die  ElecthLltat  in  der  Medictn,     Berlin,  iS66«     Latest  edition,  1872. 

I  Medical  Electricity.      Philadelphia,  1866. 

I  Ekctrptb^rapie.     Wien,  iS68.     Second  edition,  rSj^. 

^  Unteriachungen  und  Bcobachtungen  auf  dem  Gebtete  der  Elektrotherapie 
Idpiig.  t$68  und  1869. 

••  Princip«d*EleclrotWnipic,     Paris,  1873. 


212 


GENERAL   FARADIZATION. 


bled  irjion  or  discovered.     In   the  history  of  thefapeulics  it  ha 
been  the  fortune  of  the  ignorant  and  the  lowly  to  hit  by  chance  oi» 
some  great  fact  for  which  the  wisdom   of  the  ages  has  sought  in  valiu 
Says  Dr.  Stills,  "  Nearly  every  medicine  has  become  a  popular  remedy 
before  being  adopted  or  even  tried  by  physicians;  "*  and  according tt» 
Pereira^  nux  vomica  is  one  of  the  few  remedies  the  discoveiy  of  wbictm 
is  not  the  effect  of  mere  chance. f 

Impartial  history  must,  we  think,  record  that,  before  Diichenne  i 
Re  male  were  known  on  either  side  of  the  Atlantic,  before  our  mor< 
recent  electrotherapeutists  had  commenced  their  professional  labors  (^^ 
studies,  there  were  in  this  land  not  a  few  empirics  who,  by  some  fon*^ 
of  general  or  localized  faradization,  or  both  combined,  or  by  method  ^^ 
various  and  inconsistent,  and  in  spite  of  their  own  ignorance  or  ricc^— 
were  achieving  successes  in  the  treatment  of  disease  which,  in  certaix^^^' 
features,  even  the  most  advanced  physicians  of  our  day  have  notyc*^ 
surpassed.     If  they  did  not  belong  to  the  chosen  ranks  of  the  profess**' 
sion,  it  is  none  the  less  true  tJiat  the  results  which  they  secured  wer^^ 
oftentimes  such  as  the  ablest  leaders  in  science  might  wqW  have  envieA— ^ 
If  their  methods  were  empirical^  their  empiricism  was  often  justified  h;^^H 
its  success.     If  their  nomenclature  was  imperfect  and  confused,  an«3 
their  diagnosis  erroneous,  yet  their  confusion  and  errors  were  not  a  li^^ 
tie  redeemed  by  the  skill  with  which  Ihey  met  emergencies  when  th^^ 
therapeutist  was  far  more  needed  than  the  pathologist  or  the  diagnosti- 
cian,     T/ie  great  defect  of  these  empirics  was  not  in  thetr  results^  whip* 
oftentimes  were  truly  remarkable^  but  in  the  fad  that  their  gi\ 
ignorance^  and  especially  their  ignorance  of  medicine^  rendered  it  imp 
sible/or  them  to  discriminate  in  their  eases  or  their  methods^  or  to  inir-^^ 
ligently  communicate  their  experience  to  others^  or  in  any  way  to  make  ^^ 
of  permanent  value  to  science.     They  treated  all  cases  about  alik^^^ 
without  reference  to  the  pathological  condition,  and  in  spite  of  all  the  "•' 
successes  frequently  failed  where,  with  better  knowledge,  they  niig^^^ 
have  succeeded. 

In  Europe,  so  far  as  we  can  ascertain  from  tlie  published  writings  o*^ 
the  subject,  or  from  our  own  personal  observation,  the  method  oi  gener*^ 
faradization^  as  described  in  tliis  work,  has  not  been  used  or  rccon*^ 
mended,    at   least    by  men    of  science.      In    1852,    BcckensteincJ'^ 

♦Therapeutics,   vol    L,    p.    31,     The   same  author  states   that    ••byfiwib* 

greater  nuraber    [of  medicines]    were  first  employed  in  coimtries  which  were  9X^ 
arc  now  in  a  state  of  scientific  ijjnorance," 

f  Materia  Malica,  vol.  ii»,  p.  336,      Hydrate  of  Chloral  may  now  be  %Mt\\% 
thU  list.  %  Etui^es  sur  T  Elect  rid  L^     TarU,  1S59. 
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suggested  the  idea  of  **  aoimalizing  **  statical  electricity  by  passing  it 
through  the  body  of  the  operator,  and  making  passes  over  or  near  the 
patient 

In  1857,  M.  Dropsy*  de  Cracow  published  a  new  method  of 
£u^LzatioQ,  the  modus  operandi  of  which  consisted  in  connecting  an 
electrode  by  two  branches  on  the  top  of  tlie  head  and  the  epigastrium^ 
ivhile  the  other  electrode  was  connected  by  four  branches  with  the 
hands  and  feet  At  each  sitting  the  poles  were  reversed  In  1858, 
Seilerf  proposed  to  cure  consumption  and  many  other  obstinate  and 
Lncurable  diseases  by  passing  a  faradic  current  through  two  electrodes 
riear  to  but  not  over  the  body  of  the  patient* 

In  1863,  GublerJ  suggested  the  treatment  of  conditions  of  debility 
fcy  placing  both  hands  and  feet  in  separate  basins  containing  salt 
'water,  and  passing  a  faradic  current  through  the  body. 

Our  own  attention  was  called  lo  the  subject  of  general  faradization 
in  1866,  and  in  that  and  the  following  year  we  introduced  it  to  the 
profession,  describing  in  a  general  way  its  powerful  tonic  effects  and 
modus  operandi. 

{The  Medical  Use  of  Electricity^  with  special  reference  to  general 
electrization  as  a  tonic ^  &*c.     Beard  and  Rockwell^  New  York,  186  7.) 
The  name  general  electrization^   as  descriptive  of  this  method  of 
treatment,  was  first  employed  by  us  and  in  the  writings  to  which  we 
have  referred*     In  the  present  edition  of  this  treatise  we  restrict  the 
terms   to  general  faradization^  for    the   reason   diat   our  method    of 
central  galvanization,  to  be  hereafter  described,  has  to  a  considerable 
extent  taken  the  place  of  ^^/i^r^/ galvanization. 
Our  own  claims  in  regard  to  general  faradization  are  : 
1st  To  have  studied  the  method  as  practised  by  the  laity,  and  to 
have  improved  it,  reduced  it    to  a  system,  and  given  it   a  scientific 
basis,    and  to  have   shown    its   relations   to  other   methods  of  using 
electricity— in  short,  to  have  done  for  this  naethod  what  Duchenne  did 
for  localized  faradization. 

2d-  To  have  interpreted  its  special  and  general  effects,  giving  it  a 
t^me,  pointing  out  the  true  rationale  of  the  method,  and  the  in- 
dications for  its  use* 

3d,  To  have  first  called  the  attention  of  the  profession  to  this 
tiaethod,  enforcing  our  views  by  the  results  of  personal  experiments. 

*  Elcctroth^rapie  oi  applicaUon   m6dkale  pratique  de  P^lectricit^  bas^«  sor  d« 

f  Galvaniiation  par  influence.     Paxis,  185S. 

%  De  r  iiicctriiiitiQn  g^n6i\le.     Bulletin  de  Therapeutique,  Dec.,  iS6^ 
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4th.  To  have  discovered  in  our  experiments  wiln  this  l  ethod,  thai 
electrization  was  a  tonic  of  great  and  varied  efficacy,  and  tberefort 
indicated  in  a  large  range  of  conditions  of  debility,  and  to  have  forced 
this  fact  on  the  professional  miod  until  it  has  become  widely  accepted, 
and  has  become  the  basis  for  the  use  of  electricity  in  the  tie 
of  medical  diseases. 

The  length  of  time  required  to  make  a  thorough  application  of  genera© 
faradization^  and  the  amount  of  piactice  necessary  to  acquire  skill  inii 
facility  in  its  employment,  have  interfered  somewhat  with  its  populana — 
fion  among  specialists  in  electro-therapeutics ;  but  in  spite  of  theses^ 
difficulties  the  method  is  now  used  with  the  highest  success  by  hundreds 
of  physicians,  specialists  and  general  practitioners,  &c,  and  its  popular- 
ity is  very  rapidly  increasing* 

In  Germany  the  method  has  been  from  the  first  received,  in  par^C 
through  the  careful  resume  of  Prof.  Erb,  of  Heidelberg^  with  greaic*' 
interest  and  appreciation  and  with  more  favorable  consideration  tha«Ti 
in  any  other  country,  excepting  perhaps  the  United  States.  Dr*  iL- 
Vater,  of  the  University  of  Prague,  in  his  preface  to  the  Genua** 
translation  of  the  first  edition  of  this  work,  has  warmly  recommeDde*i 
the  niL'thod,  basing  his  recommendatiou  on  his  own  personal  experience  ^ 
and  more  recently,  Benedict  of  Vienna,  in  the  latest  eduion  of  his  worlcir 
has  given  the  method  intelligeot  and  appreciative  consideration. 

History  of  Central  Galvanization. — The  method  of  central  galvam— 
i^ation,  as  has  been  described  in  our  published  papers  (Electricity  an^ 
the  Sphygmograph,  N,  Y.  Medical  Record^  December  15,  1871;  alsc^s 
Recent  Ueseaiches  in    Electro -Therapeutics,   October,  1872,  by  H)^-^ 
Beard ;    Central  Galvanization,   N.  Y.  Med,  Journal,   May,  1872,  \>^ 
Dr.  Rockwell),  consisted  in  placing  the  negative  pole  at  the  eptgas^^ 
rium^  while  the  positive  was  applied  over  certain  portions  of  the  hesrn^^ 
9ver  the  sympathetic  and  pneumogastric  in  the  neck,  and  danm  0^-^ 
wh&le  length  of  the  spine  from  the  first  to  the  last  vertebra.     At  th*--  ^ 
time  we  had  used  the  method  with  the  highest  success,  in  hysteria,  ir^-"" 
sanity,  neurasthetiiai  gastralgia,  dyspepsia,  and  certain  diseases  of  ih  ^^ 
skin,  and  since  that  time  this  method  has  been  extended  to  a  wid  - 
variety  of  atiections.  In  some  diseases  it  has  supplemented,  in  others  i 
has  supplanted,  general  faradization  and  galvanization  of  the 
Bympathetic. 

The  full  method  of  central  galvanisation,  as  it  will  be  described  l^*' 
this  edition  of  the  present  treatise,  was  not  stumbled  upon  byacciden*> 
but  is  the  result  of  a  long  period  of  experimendnf,*  When  we  began  t*^ 
use  the  galvanic  current,  we  sometimes  treated  gastralgia  and  dyspc^J 
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[ita.  I>v  placing  one  pole,  usually  the  negative,  in  the  epigastric  region, 
nd  cJie  positive  on  the  nape  of  the  neck  at  about  the  sixth  cervical  ver- 
tchrs^^  Gradually  we  extended  the  domain  of  the  application  so  as  to 
inci  u^  <3e  the  mastoid  fossa  and  the  anterior  border  of  the  sterno-cleido- 
mas €:<::}](]  musclej  down  to  the  sternum  on  both  sides.  Afterwards  we 
re54>l-%^ed  to  apply  the  positive  electrode  to  the  forehead,  still  keeping 
the  ^r^^gativc  on  the  epigastrium. 

I«^  ^uenced  by  the  fact  of  observation,  that  the  top  of  the  head  be- 

twe^  wn  the  cars  was  frequently  tender  and  painful  in  hysteria  and  neur- 

isth^^iaia,  in  both  sexes,  it  occurred  to  us  that  this  might  be  a  good 

plao^  to  plant  the  electrode  so  as  to  affect  the  brain.     Another  consid- 

criti<2iti  of  practical  moment  was,  that  this  place  in  both  sexes  is  quite 

acc^is^sible,  even  with  the  present  methods  of  arranging  the  hair,    Look- 

"*8     ^1  the  subject  from  the  standpoint  of  anatoni}^  physiology,  and 

palHcalogy,  also,  it  was  sufficiently  clear  that  in  galvanizing  the  brain, 

^^  c^hject  should  be,  not  so  much  to  aifect  the  anterior  lobes  as  the 

I  ws^   an(j  posterior  portion,  where  originates  the  great  cranial  nerves, 

^^    Soon  found  by  clinical  observation,  that  little  dizziness  was  caused 

^ten  the  electrode  was  placed  in  this  position,  and  that  a  stable  current 

I  "  ^    number  of  cells  could  be  borne  without  unpleasantness,  and  that 

™^^ri  times  a  peculiar  sensation  was  experienced,  very  different  from  the 

■^^^^ing  and  pricking  sensations  that  are  felt  when  the  electrode  is 

inP^^^^d  on  the  forehead.     Last  of  all  we  extended  the  application,  so  as 

f  W  i-n elude  the  whole  length  of  the  spinal  column,  passing  the  electrode 

Beri^^^  the  clothes  of  the  patient,  loosened  and  pulled  up  for  that  pur- 

r**^*    Since  the  first  publication  of  this  method  of  central  galvaniza- 


^n. 


we  have  modified  it  by  changing  the  position  of  the  negative  pole, 


1*  ^►nddo^ft-n  the  breast  and  abdomen,  so  as  to  avoid  over-irritating  the 

««»»^>ach. 

^^^^^oie  of  the  processes  of  central  galvanization  had  been  used  by 

a^^^  pl^y^icians^  long  before  we  worked  up  the  complete  method  as  he 

^^^^«ibed     Dr*  Althaus  writes  us,  that  several  years  since  he  had  em- 

"  *3^  «d  \he  first  step  in  the  process — one   pole  at  the  epigastrium  and 

^^ther  at  the  back  of  the  neck,  but  becoming  alarmed  by  unpleasant 


the 


inf<o 


"t*'oras,  had  abandoned  it ;  and  Dr.  Meredith  Clymer,  of  this  city, 
**Tiis  us  tl^at  during  the  past  three  or  four  years  he  has  independently 
^3.  the  processes  of  central  galvanization  with  tonic  results  that  have 
*^^  ^  most  pleasing. 

^he  ill-fortune  of  Dr.  Althaus  was  due,  we  suspect,  to  the  fact  that 


M 


"Used  powerful  or  interrupted  currents — a  mistake  that  we  repeatedly 


•'^^^c  during  our  earlier  experiments,  a  mistake  that  is  frequently  made 
W  those  begmning  any  new  method  of  electrization. 


CHAPTER  IL 

GSNEfUL  THERAFEUTICAL   ACTION   OF   ELECTRICITY. 

EUctriciiy  in  its  Medical  Relations  is  a  Stimulating  Sedative  Tanic— 
TTic   cause   of  medical  electricity  has  been,  and  still  is,  greatly  re- 
garded by  vague  and  incorrect  notions  of  the  position  of  electricity  in 
the  materia  medica.     It  has  been  classed  as  a  stinuilant,  and  up  to  the 
^rae  when  we  began  to  wTite  on  the  subject,  in  1866^  nearly  all  the 
^writers  on  the  subject  had  assumed  without  question  or  discussion  that 
the  stiniulanng  action  was  the  main  if  not  the  only  action  of  electricity 
The  idea  that  it  was  also  a  tonic  was  not  even  discussed.     The  first 
formal  presentation  of  the  use  of  electricity  by  the  method  of  general 
faradization  appeared  in  a  paper  by  Dr.  Rockwell,  based  on  consid- 
erable experience  and  many  experiments,  and  entitled  **  Electricity  in 
liie  Treatment  of  Rheumatic  Affections,"  and  published  in  the  Medical 
Ri£0rd  m  1866.     In  this  and  subsequent  papers  by  both  the  authors 
of  this  treatise,  the  tonic  effects  of  electricity  were  fully  demonstrated. 
Those  few  in  the  profession  who  used  electricity  at  all  had  gone  no 
further  than  Duchenne,  and  supposed  that  when  they  had  used  this 
agent  to  kick  up  palsied  muscles,  they  had  exhausted  its  therapeutic 
indications.     In  obedience  to  the  same  narrow  and  exclusive  dogma, 
electricity  was  supposed  to  be  exclusively  contraindicated  in  febrile  and 
^tiflararaatory  affections,  and  w^as  supposed  to  be  of  value  only  in  a 
Very  limited  range  of  subacute  and  chronic  diseases*     The  acceptance 
Of   the  view  that  electricity  is  a  tonic  has  wrought  a  revolution   in 
electro-therapeutics.      An   agent    which  was   formerly  used  mainly  if 
*:iot  exclusively  in  paralysis  and  rheumatisnij  is  now  used^  and  with  far 
Ignore  brilliant  success*  in  hysteria  and  affections  allied  to  it,  in  insanity, 
^.nemia,  neurasthenia,  in  nervous  dyspepsia,  neuralgia,  chorea,. in  the 
^:onvalescence  from  fevers,  and  all  fonns  of  pain  and  debility  whatso- 
ever. 

It  is  necessary  to  state,  at  the  outset,  that  in  classing  electricity  as  a 
stimulating  sedative  tonic ^  we  use  the  words  in  the  sense  in  which  they 
we  ordinarily  understood  and  employed  when  applied  to  other  reme- 
ties  and  systems  of  treatment,  and  without  any  reference  to  the  mere 
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verbs.'  distinctions  that  may  be  or  have  been  made  in  the  dassficitifl» 
of  materia  medica. 

Stimulants  are  usually  understood  to  be  those  agents  which  ^uu)^ 
excite  the  system,  and  temporarily  arouse  its  activity.  They  arc  like 
the  goad,  which  forces  the  exhausted  beast  to  draw  the  burden^  bat 
does  nothing  to  increase  his  strength ;  or  like  the  blast  of  the  for- 
nace,  which  increases  the  combustion,  but  adds  no  fiieL  We  do  iw*  | 
accept  this  definition,  but  would  prefer  to  regard  stimulants  as  iH&st 
agents  that  correct,  intensify  or  economize  the  forces  of  the  system 

Sedatives  may  be  severalty  defined  as  those  agents  that  allay  iitid*  ] 
bility  and  pain  and  induce  natural  repose. 

Tonics  are  ordinarily  understood  to  be  those  agents  which  gradttiDf 
improve  nutrition^  restore  enfeebled  functions,  invigorate  the  syst«tt, 
and  permanently  increase  its  capacity  for  labor. 

It  is  because  electrization  is  capable  of  producing  at  once  the  effects 
whidi  are  ascribed  to  all  these  classes  of  agents,  that  we  have  dcfii««l 
it  a  stimulating  sedative  tonic. 

These  various  effects  are  not  always  mathematicaHy  distinct,  but  n» 
into  each  other.     The  stimulant  eti'ect  may  at  once  lead  to  scda 
and  the  permanent  improvement  to  nutrition  follows  after  a  long  i 
and  is  in  part  a  result  of  both  stimulation  and  sedation. 

Of  these  three  orders  of  effects,  stimulation,  sedation  and  imfr^ 
ment  in  nutrition,  stimulation  is  the  one  that  is  of  the  least  importaoc*» 
and  yet  it  is  the  one  that  first  strikes  the  observation,  and  the  one  wb*^ 
until  very  recently  has  been  regarded  as  the  exclusive  test  for  the  U^ 
of  electricity  in  medicine.     If  electricity  were  merely  a  stimulant  ** 
would  scarcely  pay  to  use  it  in  the  treatment  of  disease^  for  its  no^ 
would  be  so  narrow,  and  the  result  of  its  use  even  in  that  narrow  niit^^ 
so  temporary  and  unsatisfactory,  that  physicians  would  not  find  it    *- 
their  advantage  to  spend  time  and  labor  in  making  the  applications. 

The  ill  success  of  all  previous  attempts  to  popularize  elcctro-thef^' 
peutics  is  to  be  explained  in  part  by  the  fact  that  those  who  experiment^ 
with  it  looked  upon  it  as  a  simple  stimulant  and  nothing  mote,  »^ 
recommended  it  accordingly.     If  it  depended  on  its  stimulating  acli<?^ 
only,  the  cause  of  electro-dierapeutics  would  have  little  vitality.    T-^'^ 
reason  why  electricity  is  now  growing  in  popularity  in  the  profession 
because  it  is  found  to  relieve  all  forms  of  pain,  and  to  add  tone  to  t' 
System  and  improve  nutrition  after  ordinary  sedatives  or  tonics  h»vc 
failed. 

T(fmc  Effects  of  Electricity  best  elicited  by  General  EaradisaHm  ani 
Central  Galvaniiatian, — Reasoning  from  analogy,  as  well  as  from  expch" 
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ence,it  would  seem  that  the  full  effects  of  electricity  on  the  human  body 

could  only  be  obtained  by  making  the  applications  ail  oifer  the  person  and 

i^n  the  central  nervous  system  in  such  a  way  as  to  affect  the  whole  system. 

The  influence  of  any  drug  or  remedial  agent  on  the  constitution  can 

only  be  ascertained  by  bringing  the  whole  system  under  that  influence 

A  man  who  habitually  washes  one  of  his  fingers  in  cold  water  ap 

preciateb  the  tonic  effects  of  the  cold  only  in  that  finger ;   but  a  mar, 

^^o   habitu*illy  takes  a  shower-bath,   or  plunges  into  a  tub  of  cold 

filter,  realizes  powerful  tonic  effects  on  his  entire  system.     If  a  man 

°**Jy  exposes  one  arm  to  the  sunlight,  while  the  rest  of  the  body  ia 

^closed  in  a  dark  cell,  he  receives  direct  tonic  effects  only  in  the 

*^*Posed  member  \  but  he  who  walks  forth  and  exposes  his  whole  per- 

*^*^  to  the  solar  rays  will  in  time  experience  the  full  tonic  effect  of  siift- 

"80 1  on  his  system.     If  one  hand  or  one  foot  is  vigorously  and  regu- 

^^^y  exercised,  the  muscles  of  that  limb  exhibit  the  tonic  effects  of  the 

^^►crcise,  and  increase  in  hardness  and  perhaps  in  size  \  but  if  all  the 

•Anions  of  the  body  are  vigorously  and  regularly  exercised,  all  the 

•^^ncipal  muscles  will  increase  in  tirmness  and  perhaps  in  size,  and 

^^mc  effects  will  be  appreciated  by  the  entire  system. 

Just  so  with  all  other  tonic  remedies  and  inHuences.     If  quinine, 

^rj'chnine,  iron,  arsenic,  oil,  etc,  could  be  localized  in  a  single  limb, 

\jnly  that  limb  would  be  directly  intluenced  by  them.     Their  tonic 

effect  is  only  obtained  by  administering  them  in  such  a  way  that  they 

will  penetrate  every  portion  of  the  body* 

Electricity  is  no  exception  to  this  law.  In  order  to  ascertain  its  full 
effects  on  the  system  at  large,  and  to  determine  its  position  among 
remedies,  the  applications  must  be  made  in  such  a  way  that  the  whole 
system  shall,  so  far  as  possible,  be  directly  or  indirectly  brought  under 
its  influence.  This  is  best  accomplished  by  the  methods  of  general 
faradization  and  central  galvanization  that  are  hereafter  to  be  ex- 
plained in  delaih 

In  making  a  detailed  comparison,  therefore,  between  the  effects  of 
electrization  and  the  effects  of  recognized  tonics^ — quinine,  iron,  strych- 
»iine,  physical  exercise,  sunlight,  cold  bathing,  etc.— it  is  logically  neces- 
sary that  the  applications  should  be  so  given  that  the  whole  body 
Should  be  brought  under  the  direct  influence  of  the  current,  just  as  it  is 
tjTOught  under  the  influence  of  other  recognized  tonics  as  ordinariiy  ad- 
%niaistered. 

The  immediate  effects  of  an  application  of  general  faradization  and 
central  galvanization  are  often  a  feeling  of  enlivenment  and  exhilaration, 
^owsiness,  temporary  relief  of  paio,  and  increased  warmth  of  the  body. 
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The  same  eifccts  are  notably  observed  after  the  shower-bath^  a  Hiiublc 
in  the  surf|  a  brisk  walk  in  the  open  air,  or  from  the  administiatioD  of 
alcohol 

Like  other  stimulating  tonics,  general  faradization  and  central  gaU- 
vanizationj  when  given  in  an  overdosci  or  in  too  great  strength  for  ^^ 
constitution  of  the  patient  or  the  condition  of  the  system  at  the  tiaic^. 
may  be  followed  by  secondary  or  reactive   effects  that  are  both  dis^ — 
agreeable  and  positively  alarming.      The  second  or  third  day  after  air^ 
injudicious  application,  the  patient,  especially  at  the  outset  of  trcac — 
ment.  may  experience  soreness  in  the  muscles,  an  indefinable  feeling  o^^ 
nervous  exhaustion,  irregularity  of  pulse,  and  sometimes  exacerbalioir^ 
of  special  symptoms.      It  is  well  known  that  severe  physical  exerds^^ 
will  produce  all  these  unpleasant  secondary  effects,  especially  in  pj^— 
tients  who  are  feeble  and  unaccustomed  to  muscular  exertion.     A  col*:3 
bath,  either  in  the  surf  or  at  home,  that  is  too  prolonged  may  give  J 
to  all  these  symptoms  the  night  or  day  following.      Unpleasant  effc< 
may  secondarily  follow  an  overdose    of  our   ordinary  stimulants, 
alcohol,  or  from  internal  tonics,  as  iron,  quinine,  strychnine. 

The  permanent  effects  of  general  faradization  and  central  galvanize— 
tiou  are  as  closely  analogous  to  those  which  come  from  other  ton*  ^^ 
remedies  and  systems  of  treatment  as  arc  the  immediate  and  seconci' 
ary  effects. 

The  very  marked  permanent  effect  of  general  faradization  and  centr^^-^ 
galvanization  is  improvement  in  the  sleep.      Physical  exercise— wall^* 
ing,  boating,  g}'mnastics,    bowling^ — cold  bathings   and    the    ordiaa*"^ 
internal  tonics  do  the  same,  though  not  so  markedly  and  with  far  le^^^_ 
uoiforniity.  ^H 

General  faradization  and  central  galvanization  also  permanently  ii^^-^ 
prove  the  appetite  and  digestive  capacity,  and  regulate  the  bowel  ^^^* 
Improvement  in  the  various  operations  of  digestion  is  one  of  the  i 
tiiiiform  effects  of  our  ordinary  tonics,  and  it  is  for  that  purpose, 
perhaps  than  for  any  other,  that  they  are  employed. 

Like   other  tonics,   general    faradization  and   central  galvanizatia 
equalize  the  circulation.     This  effect,  when  it  immidiately  follows 
application,  is  nearly  the  temporary  excitement^  similar  to  what  follow 
a  rapid  walk,  or  gymnasdcs,  or  alcoholic  stimulants,  and  soon 
away.     But  when  it  becomes  a  permanent  condition — when  the 
feels  less  annoyance  from  chilliness  and  cold  extremities — ^it  is  a  resti^- 
ant  of  the  imjirovement  in  nutrition. 

Like  other  tonic  n^easures — gymnastics,  active  games,  and  outdo^^^^ 
BLiiiusements,  etc.,  etc.  —general  faradization  and  central  galvanizatic?'^ 
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cir^use  the  muscles  to  ucvelop  in  Azc  and  hardness,  and  sometimes, 
tiliough  by  no  means  uniformly,  produce  important  and  rapid  increase  in 
C:lie  weight  of  the  body,  tlie  result  of  the  improvement  in  ntitrition.  In- 
^urease  in  weight  is  familiarly  observed  after  a  trip  of  pleasure,  a  vaca< 
m:ian  in  the  country,  a  voyage  by  sea,  and  very  frequently  indeed  from 
'^lie  use  of  cod-liver  oil  and  strychnine.  General  faradization  somc- 
'Cimes  causes  the  patient  to  increase  in  weight  from  the  very  outset  of 
^hc  treatment  and  to  an  extent  that  is  most  surprising. 

Uke   other   tonics,   general   electrization,    faradization   and   central 

galvanization,  in  Iheir  ultimate  effects,  increase  the  disposition  and  the 

^rapacity  for  labor  of  the  brain  or  of  the  muscles*     This  is  indeed  the 

*:hief  end  to  which  all  tonic  treatment  is  directed,  inasmuch  as  dmiin* 

^shed  capacity  for  labor  is  perhaps  the  condition  for  which  tonics  are 

most  frequently  advised,  and  it  does  not  usually  increase  the  capacity 

for  toil  until  it  has  first  improved  the  sleep,  the  appetite,  the  digestion. 

The  same  is  true  of  many  other,  if  not  all,  tonic  remedies. 

Experience  shows  that  general  faradization  and  central  galvanization 
arc  usually  contraindicated  in  those  diseases  and  for  those  temperaments 
that  will  not  bear  any  of  the  internal  tonics.  We  find  almost  invariably 
that  they  must  be  used  most  cautiously,  and  meet  with  their  worst  failures 
in  cases  where  quinine,  strychnine,  iron  and  stimulants  have  proved  to 
be  injurious. 

Whatever  difference  of  opinion  there  may  be  concerning  the  ration- 
ale  of  electrization,  or  whatever  dispute  there  may  be  concerning  the 
use  and  the  meaning  of  the  words  srimulant,  sedative,  and  tonic,  the 
majority  of  advanced  practical  electro-therapeutists  must  substantially 
endorse  the  emphatic  words  of  Prof.  Niemeyer  :  "  In  the  constant  cur^ 
rent  we  have  a  means  more  p(yiverfnl  than  any  other  of  modifying  the 
nutritive  conditwm  of  parts  that  are  deeply  situated ^  * 

Rationale  of  Electrization. — The  stimulating,  the  sedative,  and  the 
tonic  effects  of  electrization  are  resultants  of  the  various  and  diverse  ac- 
tion of  the  currents  on  the  tissues.  These  effects  have  been  defined  as 
^nechanical^  physical,  catalytic  (increase  of  circulation  and  absorption), 
mlectrotonic  (modification  of  nerve),  electrolytic  (electro  chemical  decoin- 
posirion),  and  chemical  The  mechanical  effects  are  more  markedly 
observed  from  the  faradic  current,  the  other  effects  from  the  galvanic. 
These  teFms,  considered  as  explanarions  of  the  action  of  electrization, 
arc,  it  must  be  admitted,  quite  unsatisfactory,  since  they  are  incapable 
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of  exact  and  complete  definition,  and  must,  to  a  certain  extent,  include 
each  other.  It  is  safe  to  say  that  we  know  as  much  of  the  rati  4iaii 
of  electrization  as  of  most  of  our  internal  remedies,  (See  chapter  on 
the  subject  in  Electro- Physio  logy.) 

Is  Ekciricity  Trans/ormtti  into  Nerve  Force  f — Nearly  all  of  the 
earlier  and  very  many  of  the  latter  experimenters  in  electro-thera|>eu- 
tics  assumed  without  argujuent,  that  electricity  was  identical  with  the 
nerve  force,  or,  at  least,  that  it  was  directly  transformed  into  it.  Although 
the  weight  of  evidence  is  at  present  decidedly  against  the  theory  of  the 
identity  of  those  forces  (see  Experiments  of  Helmholtz),  yet  the  assump> 
tion  that  they  are  identical  or  can  be  directly  transformed  into  each 
Other,  still  lingers.  The  taking  phrase,  "  Electricity  is  Life/*  is  con- 
stantly used  as  the  war-cry  of  rival  instruiiient  makers,  and  as  the 
motto  of  travelling  charlatans,  on  the  street  corners  and  at  country 
fairs,  Whatever  future  science  may  unfold,  we  are  now  forced  to  say 
that  not  only  is  there  no  evidence  that  cleclricity  is  identical  with  life, 
but  also  that  the  theory  that  electricity,  when  applied  to  the  body,  is  ever 
directly  transfonncd  into  nerve  force  has  few  if  any  facts  or  arguments 
in  its  favor-  That  the  body  can  be  charged  with  electricity,  and  that 
the  normal  electricity  of  the  body  can  be  changed  in  character  is  clear 
enough ;  but  it  does  not  follow  that  such  changing  of  electrical  condi- 
tion has  any  direct  influence  on  the  quantity  or  quality  of  the  nervous 
force.  Whether  galvanic  or  faradic  electricity  charge  the  body  to  any 
extent  in  passing  through  it  may  rightly  be  doubted ;  if  they  leave 
more  electricity  in  the  body  than  they  found  in  it,  it  must  be  by  virtue 
of  the  direct  influence  of  the  current  over  the  nutrition.  Electricity 
is  no  more  life  than  light  and  heat  are  life.  Like  light  and  heat  it  may 
sustain  life,  not  by  direct  transformation,  but  indirectly  through  its  in- 
fluence over  nutrition.  When  the  light  of  the  sun  falls  on  a  plant  or 
animal,  when  artificial  heat  is  applied  to  a  cold  and  paralysed  limb, 
growth  is  stimulated  and  nutrition  improved,  but  not,  so  far  as  can  yet  be 
den^onstratcd,  by  any  direct  transformation  of  light  or  heat  into  nervous 
force.  Similarly,  also,  we  have  no  sufficient  evidence  as  yet  that  the 
varied  and  marvellous  improvement  in  nutrition  that  follows  electriza- 
tion is  the  result  of  anything  more  than  the  indirect  improvement  in 
nervous  force,  which  is  a  part  and  result  of  the  general  improvement  in 
nutrition. 

In  the  time  and  manner  of  their  development  the  tonic  effects  of 
general  faradization  and  central  galvanization  resemble  those  of  other 
tonif's  in  these  tivo  particulars. 

T.   Tiityare  Devekptd  Sitnviy, — This  slowness  of  development  marki 
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s  radical  disrinction  between  tonics  and  mere  stimulants.  The  agree- 
able stimulating  effects  which  immediately  follow  an  application  of 
general  faiadization  and  central  galvanization,  just  as  they  follow  the  use 
of  gymnastics,  walking,  active  games,  etc.,  soon  pass  off  or  merge  into 
the  permanent  or  tonic  effects  that  come  more  or  less  slowly,  and 
after  repeated  treatment. 

2,  They  are  often  Developed  long  after  the  Treatment  is  Abandoned.— 
Weeks  and  months  after  a  patient  has  taken  a  course  of  general  treat- 
ment by  general  and  central  electrization  he  may  continue  to  improve- 
in  his  general  condition,  even  though  very  little  progress  may  have 
been  made  while  the  applications  were  being  received.  Just  so  the 
tonic  effects  of  a  trip  by  land,  of  a  sea  voyage,  of  our  ordinary  summer 
vacations,  are  sometimes  not  appreciated  until  after  we  have  returned 
home,  and  are  again  fully  at  work. 

Why  were  not  the  Tonic  Effects  of  Electricity  sooner  Discovered  t — 
The  inquiry  now  very  naturally  arises,  why  it  is  that  the  important  fun- 
damental fact — that  electrization  is  a  powerful  means  of  improving 
nutrition,  and  capable  of  producing  effects  on  the  constitution  similar 
to  those  which  are  familiarly  obtained  from  the  tonics  in  every-day  use- 
has  escaped  the  observation  of  the  very  able  writers  who  in  different 
lands  have  devoted  themselves  to  electro- therapeutics,  until  we  called 
attention  to  them. 
The  inquiry  is  thus  answered  : — 

I,  Because  most  of  the  recent  scientific  observers  whose  writings  are 
i4uthorities  in  electro- therapeutics  have  used  electricity  locally,  in  some 
forai  of  ^^  localized  electrization^ 

For  obvious  reasons,  that  have  already  been  presented,  localized  elee- 
trizaiion  must  produce  chiefly  local  effects,  which  although  they  are 
Menie  in  their  character,  so  far  as  they  go,  and  reveal  themselves  by 
marked  improvement  in  the  local  nutrition,  would  not  ordinarily  sug- 
gest the  powerful  constitutional  tonic  powers  of  which  electrization  is 
capable  when  applied  all  over  the  body,  any  more  than  the  feeble 
effects  of  washing  the  hands,  the  face,  or  the  feet,  or  any  single  member 
or  organ,  would  suggest  or  give  any  intimation  of  the  well-known  con- 
stitutional effects  of  surf-bathing  or  the  shower-bath. 

Indirect  constitutional  effects  result  from  localized  electrization  of  the 
central  nervous  system,  and  especially  from  galvanization  of  the  brain. 
Spine  and  cervical  sympathetic,  although,  as  will  be  seen,  they  are  not 
is  marked  as  those  which  follow  general  faradization  and  central  gal- 
vanization. 

It  is  a  very  ii  tcresting  and  significant  fact,  however,  that  since  the 
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introdticrion  into  medical  practice  of  the  methods  of  localizing  M 
galvanic  current  in  the  nervous  centres  first  suggested  by  Remak,  dec* 
tro  therapeutists  have  achieved  success  in  a  variety  of  diseases  ass(^ 
ciated  with  debility  and  impaired  nutrition^  where  before  electriaw 
treatment  was  supposed  not  to  be  indicated,  at  least  by  those  who  co» 
fined  themselves  to  localized  electrization**  A  suggestive  fact  rclatiii| 
to  this  subject  is  that  Gubler,  who  is  one  of  the  very  few  Europeai( 
writers  who  had  used  faradization  in  such  a  way  as  to  directly  affect  th^ 
whole  system,  also  remarked  tonic  effects  in  conditions  of  debility,  egg 
from  his  very  awkward  and  imperfect  method. f  ^| 

2.  Because  the  immediate  effects  of  electrization  are  so  marwSS 
stimulating  as  to  suggest  the  idea  that  it  is  simply  and  only  a  stimdadl 
or  irritant.  In  some  of  the  cases  for  which  localized  electrization  U3 
used  the  stimulant  are  the  effects  which  are  chiefly  desired*  But,  M 
has  already  been  shown,  many  of  otir  ordinary  tonics  are  primaril 
stimulating,  and  so  much  so  that  they  have  been  classed  as  stimulaiif^ 
tonics. 

There  is  little  question  that  if  many  tonics  in  ordinary  use,  hai 
been  used  only  locally,  as  electricity  has  been  used,  they  might  ha^ 
been  regarded  merely  as  stimulants, 

3.  Because  until  quite  recently  most  of  the  recognized  authoridJ 
and  writers  on  electro- therapeutics  of  modem  days  have  not  usii 
electricity  in  those  diseases  and  morbid  conditions  where  tonics, /■< 
excellence^  were  demanded.  They  have  used  the  agent  mainly  with 
view  to  stimulating  effects,  and  in  some  form  of  localized  electrization 
On  this  principle  they  have  treated  paralysis,  rheumatism,  neuralg^ 
etc*  As  we  shall  demonstrate  hereafter,  besides  those  diseases 
which  the  efficacy  of  localized  electrization  is  fully  estabhshed,  t3 
morbid  conditions  and  s)Tnptoms  for  which  electrization  is  most  rapid 
and  permanently  successful,  are  precisely  those  in  which  we  use  a* 
ordinary  tonics — such  as  dyspepsia,  nervous  exhaustion,  insoniiu 
hypochondriasis,  hysteria,  general  neuralgia,  chorea,  spinal  irritatic?! 
and  some  forms  of  paralysis  dependent  on  or  associated  with  gene  J 
debility. 

Furthermore^  in  prosecuting  this  inquiry  we  must  not  overlook  r* 
important  historical  facts  : — 

I.    In  the  latter  part   of  the  last    and  early  part  of  the  p^|d 

•  Vide  the  writings  of  Rcmak,  Meyer,  Benedikt,  Niemeycr,  ^H 

f  Dc  r Electrization  g^n^rale  considcr^e  commc  agent  tonique  ci  stimulant  J 

fusible.    BulUtin  dt  Thkrapeutiptc^    Dtfccmbrc,   1863.      (For    descriptioii  < 

method,  see  p,  3460 
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century  franklinic  electricity  and  the  current  of  the  voltaic  pile  were 
used  for  a  variety  of  diseases  for  which  we  now  use  tonics,  and  often- 
times with  some  success.  But  the  agent  was  used  mostly  empirically, 
without  any  definite  idea  of  its  nature  or  the  rationale  of  its  operation. 
Partly  on  account  of  the  inconstancy  and  uncertainty  of  the  voltaic 
pil^  and  partly  on  account  of  the  many  failures  that  were  necessarily 
mevitable  with  such  poor  apparatus  and  desultory  experience,  partly 
also  as  a  reaction  from  the  extravagant  hopes  and  promises  of  the 
earlier  experimenters,  this  system  of  treatment  soon  fell  into  disrepute. 
t.  ITcnic  effects  have  been  obtained  from  various  methods  of  em- 
ploying  electricity  by  non-professional  men — charlatans  and  outsiders 
—in  tl^e  United  States  at  least,  for  many  years,  although  very  few  of 
them  i^ave  kr  own  or  suspected  the  nature  of  the  agent  they  dealt 
with,  or  of  the  diseases  they  have  treated. 


iS 


CHAPTER  III. 

a£K£RAL   SUGGESTIONS   IN   REGARD  TO  THE  USE   OF    ELECTRJCrrr 
AS  A  THERAPEUTIC   AGENT. 


Before  describing  in    detail   the  different  methods   of   using  t\e^' 
tricity,  it   may  be    well    to    offer   some    suggestions    of    a    gener^ 
character  that  will  apply  to  all  the  different  methods  of  electrizati^'** 
localized  and  general,  with  the  faradic  and  with  the  galvanic  cuircnt^^ 
It  is  of  the  §rst  importance  that  those  who  are  beginning  to  study  an*" 
practice    electro- tlierapeutics  should  have  correct  notions  not  only  c:^' 
the  general  therapeutical  action  of  electricity — the  principle  on  whic:^'* 
it  is  used — but,  also,  of  the  general  laws  of   its  apphcatioo,     Su^^^^ 
knowledge  fits  one  to  intelligently  study  the  special  methods  of  ipj*^' 
cation,  and  tlie  treatment  of  the  various  diseases.     A  want  of  this  kno^r  *^ 
edge  is  a  constant  hindrance,  and  not  nnfrequently  utterly  discoura|^^^ 
the  beginner  in  this  science* 

Genera!  Indications  for  tht  Medical  use  of  Electricity. — An  erro*" 
that  appears  prominently  in  nearly  all  the  works  on  medical  elcclricityt 
and  one  that  seriously  interferes  with  the  progress  of  healthy  and  phii-^ 
sophic  electro- therapeutics,  is  the  habit  of  treating   the  name  of  Lt*^ 
disease  rather  than  the  canditian  &f  the  system  of  which  the  symptof^* 
are  the  result  and  expression.     Men  ask  whether  electricity  is  good  ^^^ 
this  disease  or  that  disease  without  any  well-defined  idea  of  the  position 
that  this  powerful  agent  occupies  in  the  annory  of  therapeutics.    It  shouW 
be  understood  that  electricity  is  a  powerful  stimulating  sedative  tonic,  ana 
as  sucli  is  indicated  in  any  subacute  or  chronic  disease,  where  stimuli'' 
ing,  sedative  or  tonic  effects  are  indicated,  and  without  reference  to  the 
name  of  the  disease  by  which  the  condition  expresses  itselt     With  this 
general  principle  before  us,  we  cease  to  wonder  that  electricity  is  uscrf 
and  recommended  in  such  a  wide  variety  of  diseases,  many  of  them  of 
an    apparently  opposite  character,  and  we  see   the  injustice  of  th»l 
criticism  which  condemns  electricity  because   it  is  good  for  so  msuif 
differeat  affections.     Just  as  quinine^  which  h  not  a  specific  for  iQ? 
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-unless  it  be  chills  and  fever— is  yet  used  freely  as  a  tonic  in 

^1  indefinite  number  of  diseases  where  tonic  effects  are  reqaired>  so 

^^ctricity,  which  is  not  a  specific  for  any  one  disease,  is  yet  used  with 

^ood  results  in  any  number  of  diseases  where  local  or  general  nutrition 

^    impaired  and  needs  to  be  improved.     The  indications  for  the  use  of 

•electricity  are  wider  than  the  indications   for  the  use  of  quinine,  for 

tri^  threefold    reason  that  it  has  a    powerful  sedative   action    which 

*l*^inine,   or   indeed   any  other    single  tonic  remedy  does   not  have  ; 

^*^"^t  its  stimulant  and  tonic  effects  are   more  decided,  and  that  its 

^^f^cts,  sedative^  stimulating  or  tonic,  can  be  confined  mainly  to  certain 

^^^ans,  nerves  or  muscles,  or  be  distributed  through  the  whole  body,  as 

^^^y  be  thought  necessary.     ^Vhen  the  propriety  of  using  electricity  in 

^^>y  medical  case  is  discussed,  the  first  questions  to  be  answered  are  : 

1.  Is  there  any  pain  to  be  relieved  ? 

2.  Is  there  any  need  and  chance  for  improvement  in  local  or  general 
*^\itrition  ? 

If  these  questions  can  be  answered  in  the  affirmative,  then  electricity 
^  *i  some  mode  of  application  may  be  administered.  The  result  of  the 
^>catment  will  depend  on  the  sktll  with  which  it  is  conducted,  on  the  nature 
^^f  the  lesion  and  length  of  time  that  it  has  existed,  and  on  the  agree- 
'*~iicnt  or  disagreement  of  the  temperament  of  the  patient  with  elec- 
'^ricity. 

Stage  of  Disease  when  Electrical  Treatment  is  Indicated. — Electricity  is 

indicated  mainly  for  subacute  and  chronic  diseases;  at  least  the  best  results 

^that  come  from  the  use  of  this  remedy  have  thus  far  not  been  obtained  in 

ihe  acute  stages  of  disease.     And  yet  there  is  no  question  tliat  in  ihe 

acute  stages  of  rheumatism  faradization  is  of  value,  and  there  is  reason 

to  believe  that  future   experiments  will   show  that  relief  of  pain,  of 

sleeplessness,  and   of  general   nervousness— with  perhaps   permanent 

benefit — may  be  obtained  in  the  active  stages  of  febrile  and  inflammatory 

afections.      The  chief  theoretical  objection   to  the   employment    of 

electricity   in    acute   diseases   is   the   fact   that   the  tonic  effects   of 

electrical  treatment  require  so  much  time  that  any  disease  that  runs 

but  a  limited  period  will  not  be  able  to  appreciate  them.     This  objec* 

'I'on  does  not,  however,  apply  to  the  stimulating  or   sedative  effects  : 

*^hcse  can  be  feit  instaijtaneously  or  within  a  few  hours  after  an  application. 

Electricity  is  certainly  one  of   the  most  potent  of  sedatives,  and   in 

Very  many  acute  affections  sedatives  arc  constantly  indicated. 

The  old  notion  that  electricity  was  merely  a  stimulant  aided  in  forming 
^ii  the  professional  n)ind  another  very  gross  error,  that  in  active  inflam 
•nations  electricity  is  contra-indicated      Experience  proves  every  day 
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that  the  sedative  effects  of  electricity  are  exceediDgly  grateful  in  even 
the  acute  stages  of  sprains  and  diseased  joints. 

The  dogma  that  in  hemiplegia  from  cerebral  effusion  it  is  better  tc 
wait  for  several  months  until  all  the  active  irritation  has  subsided^ 
before  beginning  electrical  treatment — which  error  is  yet  maintained  by 
uiatiy  of  the  ablest  writers  on  n»edical  electricity — took  its  origin  in 
the  erroneous  conception  of  the  position  of  electricity  in  the  materia 
medica.  ■ 

It  is  difficult  to  conceive  of  any  actively  inflamed  or  febrile  state, 
where  electricity,  in  the  hands  of  one  who  knows  how  to  use  without 
abusing  it|  ma)'  not  be  used  without  injury  even  if  U  does  no  good.         fl 

Differential  Action  of  the  Foles^  and  of  the  Ascending  and  Descending 
Currents. — This  is  a  subject  on  which  much  has  been  thought  and  writ- 
ten, and  concerning  which  opinions  have  been  expressed  with  ao 
absoluteness  not  justified  by  experience.  Almost  tlie  first  question  that 
the  beginner  in  electro-therapeutics  asks,  is,  **  Which  pole  shall  I  use?" 
as  though  that  were  the  fundamental  problem  to  be  solved.  Another 
question  that  is  put  in  almost  the  same  breath  is,  "  Shall  tlie  current  ^ 
be  ascending  or  descending  ?  *'  ■ 

These  queries  seem  to  the  novice  to  be  of  hupereminent  importance, 
and  he  is  annoyed  that  his  instructor  or  text-book  does  not  lay  down 
8uch  positive  rules  on  the  subject  as  to  set  his  doubts  at  rest  forever.  In 
after  years,  when  he  shall  have  had  much  experience,  he  will  learn  these 
two  facts:  Firsts  that  the  question,  which  pole  or  whidi  direction  of  the 
current  to  use  in  any  given  case,  is  one  of  various  complexity,  aU  can- 
not always  be  solved  by  a  dictum.  Secandly^  he  will  learn  that  the  prac^ 
deal  therapeutical  difference  in  the  action  of  the  pole  or  of  the  ascend- 
ing and  descending  currents^  is  much  less  demonstrable  than  he  sup- 
posed, and  that  the  special  directions  for  each  disease  are  not  at  hand. 

The  difference  of  the  physiological  action  of  the  poles  of  the  galvanic 
current,  when  appHed  to  the  body,  is,  as  we  have  shown  under  electro- 
physiology,  of  a  radical  character.  It  has  specially  been  shown  that 
the  anelectroionic  region  at  the  positive  pole  is  in  a  condition  of  dimin- 
ished, while  the  catekctr&i&nic  region  near  the  ne^tive  pole  is  in  a 
condition  of  increased  irritability.  Moreover,  it  is  easy  of  demonslra- 
tioD  that  the  negative  pole  of  both  currents  is  more  painful  than  the 
positive,  and  this  fact,  as  we  have  seen,  enables  us  to  distinguish  the 
poles  in  cases  of  doubt,  or  when  we  do  not  understand  the  construe 
tion  of  the  battery.  Still  further  we  have  seen  that  on  the  ner\es  of 
fpeciat  senses — ^notabiy  on  the  optic  and  auditory  nerves — the  polet 
have  a  difierential  action  of  a  speciBc  rnd  demonstrable  character* 
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When  now  we  leave  physiology  and  enter  into  the  complex  reahn 
of  therapeutics,  we  find  that  it  is  usually  better  that  irritable  parts  of 
tHc  surface  of  the  body  should  be  treated  mainly  by  the  positive  pole. 
Thisrtlarive  position  of  the  t^lectrodes  is  not  usually  departed  from  in 
general  faraditaiion  and  central  ga  vani-zation,  for  the  reason  that  the 
majority  of  cases  that  require  these  methods  of  treatment  are  abnor- 
mally irritable. 

The  negative  pole,  being  more  irritJiting  than  the  positive,  is  indicated 
when  it  is  desired  to  cause  contraction  in  a  paralyzed  muscle,  and  the 
diference  between  the  poles  in  producing  muscular  contraction  is  chief- 
ly 1  difference  of  degree  only,  since  both  poles  cause  contraction  when 
placed  on  the  body  of  a  muscle  or  over  its  motor  point,  but  with  the 
«i»e  strength  of  current  a  more  vigorous  contraction  will  be  produced 
by  the  negative  than  by  the  positive  pole. 

In  regard  to  the  diflferential  action  of  the  ascending  and  descending 
ctirrents  there  has  been  an  almost  infinite  amount  of  shallow  observation 
«!nd imiiulsive  writing;  for  how  the  differential  therapeutical  or  differ- 
ential physiological  action  of  the  ascending  and  descending  currents  is 
to  be  Tightly  discriminated  from  the  action  of  the  pales  we  cannot  well 
onderfitand, 

T^c  object  of  applying  electricity  to  the  body  in  disease  is  to  /m- 
frtftt  mitrition^  and  nutrition  is  a  process  of  infinite  complexity ;  in- 
flwd,  the  most  complex  and  most  mysterious  of  all  the  wondrous  pro- 
^^*se*  of  nature.  He  who  solves  it  will  become  immortal,  both  as 
™^  greatest  scientist  and  the  greatest  theologian  of  history,  leaving 
Newton  and  Calvin  far  behind.  The  relief  of  pain,  the  reduction  of 
*>wnor»,  the  increase  in  size  of  muscles — all  these  everyday  results  of 
el€ctruatir>n  are  signs  of  improvement  in  nutrition,  and  it  is  in>possib1e 
*o  cxhautfively  explain  them  by  anything  we  now  know  of  electro-phy- 
****^Sy'  Any  man  who  attempts  to  base  all  his  electro-therapeutical 
pfoccflijfc^  on  the  laws  of  electrotonos  will  find  himself  involved  in  com- 
Pl*<^^Hons  that  have  no  end. 

yhe  one  practical  rule  in  regard  to  the  poles,  which  wc  have  arrived 
•*♦  '3  that  ^t  positive  pole  is  the  less  irritating.     In  accordance  with  this 

_  *fe  place  the  negative  pole  at  the  feet  or  coccyx  in  general  faradi- 
**^^^  and  at  the  pit  of  the  stomach  in  central  galvanization,  so  that 
"^^atl,  neck,  and  spine,  and  other  sensitive  parts  affected  may  be 
"^^'  the  influence  of  the  positive  pole* 

^at  differential  effects — physiological  and  therapeutical — may  arise 
^^  a  difference  of  current  direction  is  not  at  ail  improbable— cer- 
^nly  no  oue  can  well  pro>  c  the  negative — but  we  see  no  way  of 
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demonstrating  such  differential  effect.  In  every  attempt  that  we  make 
the  differential  polar  effect  comes  in  to  complicate,  and  in  out 
judgment,  to  override  any  differential  effect  there  may  be  in  current 
direction.  Take  the  familiar  experiment :  an  electrode  in  each  hand  ; 
in  one  aim  the  current  will  be  ascending,  in  the  other  descending. 
If  now  one  arm  were  differently  affected  from  the  other,  have  we  any 
right  to  rush  to  the  conclusion  that  such  differential  effect  is  due  to  the 
fact,  that  in  one  arm  the  current  is  ascending,  in  the  other  descending? 
Is  it  not  far  more  ptobable  that  such  differential  effect  is  due  to  the 
fact  that  the  positive  pole  is  in  one  hand  and  the  negative  in  the  other  ? 
The  differential  effect  of  the  poles  can  be  demoustrated  m  varioui 
ways,  and  our  knowledge  of  it  influences  our  practice  \  the  differential 
effect  of  current  direction,  if  it  be  not  entirely  a  myth,  is  to  say  the 
least  undemonstratcd.  J 

Take  again,  for  illustration,  the  method  of  galvanizing  the  spine.  If  ■ 
the  negative  pole  be  placed  at  the  nape  of  the  neck,  and  the  positive  at 
the  lower  end  of  the  spine,  the  current  is  ascending,  and  if  a  certain 
effect  is  produced,  or  believed  to  be  produced,  such  effect  is  attributed 
to  the  fact  that  the  current  is  ascending.  The  upper  part  of  the  cord 
is  under  the  influence  of  the  negative  pole,  and  the  lower  part  of  the 
cord  is  under  the  influence  of  the  positive  pole,  and  what  evidence  is 
there  that  there  is  any  differential  action  of  current  direction  aside  from 
the  differential  polar  action  ? 

Similar  difficulties  beset  us  when  we  place  one  pole,  say  the  negative, 
on  some  indifferent  point,  as  the  feet,  or  thigh,  and  pass  the  positive 
up  and  down  the  spine.  Have  we  any  right  to  attribute  the  effect  pro- 
duced to  the  fact  that  the  current  is  descending,  when  we  know  that  the 
positive  pole  has  a  very  different  physical,  physiological  and  therapeuti- 
cal effect  from  the  negative  pole,  without  any  regard  to  current  direc- 
tion, while  we,  as  yet,  do  not  know  that  the  ascending  current  has  a 
different  effect  from  the  descending  current,  without  any  regard  to  the 
differential  polar  effect  One  thing  is  clear  and  indisputable,  and  thai 
is  that  the  differential  effect  of  current  direction,  assuming  that  it  ■ 
exists,  is  largely  overborne  by  the  differential  polar  effect.  This  is  true 
of  both  currents.  A  crucial  experiment  for  determining  the  question  of 
the  differential  action  of  the  ascending  and  descending  cunents,  would 
be  to  experiment  on  a  piece  of  nerve  in  a  physiological  condition,  all 
parts  of  which  give  the  same  response  to  electrical  excitation,  and  are 
known  to  have  the  same  function. 

If  such  a  nerve-piece  could  be  supposed,  and  if  the  positive  pole 
could  be  placed  on  the  middle  of  it^  and  the  negative  ^^ile  at  the  peH 
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pheral  end,  we  should  have  a  descending  current  j  the  positive  pole  re* 
maining  at  tlie  middle  and  the  negative  transferred  to  the  central  end 
of  the  nerve,  would  give  the  ascending  current.  If  now  the  effect  aftCi 
these  procedures  should  be  different,  the  strength  of  current,  pressure 
employed,  and  time  of  stimulation  being  the  same,  and  if  the  effect  of 
previous  stimulation  could  be  eliminated  before  tlie  second  part  of  the 
estperiinent  is  made,  we  should  have  a  conclusive  demonstration  of  the 
«lifferential  physiological  effect  of  the  current  direction.  But  such  an 
experiment  is  ideal,  and  the  complications  are  too  great  for  science  at 
present  to  make  it  actual.  In  all  physiological  experiments  of  this  kind 
differential  polar  effect  complicates,  if  it  does  not  neutralize,  the  dif- 
ferential effect  of  current  direction. 

In  therapeutics,  the  complications  of  the  subject  are  all  the  greater, 
because  all  the  statements  that  have  been  and  are  made  in  regard  tc 
the  advantages  or  disadvantages  of  the  ascending  or  descending  cur- 
rent in  this  or  that  direction  are  of  little  worth. 

The  practical  rules  on  this  subject  to  which  experience,  enlightened 
and  fortified  by  physics,  physiology,  and  pathology,  have  led  us^  may  be 
thus  recapitulated. 

1.  The  stimulating,  sedative  and  tonic  effects  of  electricity,  faradic 
and  galvanic,  are  obtained  by  either  pole,  or  by  both  combined  or  in 
alternation,  the  difference  in  their  therapeutical  action  being  merely 
a  difference  of  degree. 

2.  In  cases  where  the  sedative  effects  are  more  indicated  than  the 
stimulating  effects,  the  positive  pole  is  preferable  to  the  negative,  since  it 
is  less  irritating,  and  with  the  uninterrupted  galvanic  current,  produces 
catelectrotonos,  or  a  condition  of  diminished  irritability. 

In  the  great  majority  of  the  nervous  cases,  where  general  faradization 
Or  central  galvanization  are  used,  sedation  is  more  needed  than  stimula* 
^on  ;  hence  the  general  nile  to  use  the  positive  pole  in  these  methods. 

3.  Incases  where  the  stimulating  effects  are  more  indicated  than  the 
sedative  effects,  the  negative  pole  is  preferable  to  the  positive,  since 
it  is  more  irritating,  and  with  the  galvanic  current  produces  cat- 
electrotonos, or  increased  irritability. 

For  those  temperaments,  now  and  then  met  with,  that  are  exceedingl) 
tolerant  of  electricity,  who  can  bear  it  in  any  doses,  however  given,  and 
for  cases  of  local  or  general  anaesthesia  and  paralysis  of  motion,  whatever 
njay  be  the  pathological  cause,  stimulation  is  more  needed  than  sedation  * 
bence  it  is  an  advantage  in  such  cases  to  use  the  negative  pole,  and  in 
some  cases  **  voltaic  alternatives,"  which  are  more  irritating  than  eitha 
i>ole  when  used  alone. 
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Inasmuch  as  we  cannot  tell  the  degree  of  electro-susceplivity  ir* 
a  patient  iiniil  we  have  tested  it,  it  is  well  always  to  begin  general 
faradization  and  central  galvanization  with  the  positive  pole,  Thisrul^' 
is  especially  important  in  the  United  States,  where  the  majority  of  cni»^ 
liatients  of  both  sexes  are  susceptible  :*nd  nervous  and  require  sedatior^ 
more  than  stimulation. 

^ofA  the  Seat  of  the  Disease  and  the  Effects  of  the  Disease  t$  ^^ 
Treated. — The  query  whether  in  localized  electrization  we  should  direct 
the  treatment  mainly  to  the  seat  cf  the  disease — the  pathological  Usim^^   ^ 
or  to  the  seat  of  the  prominent  symptoms — ^the  effects  of  the  lesion — ha^W 
given  rise  to  some  discussion, 

It  sounds  very  practical  to  advise  the  treatment  of  the  syniptom^Sf^ 
without  regard  to  the  seat  of  the  lesion.     It  sounds  very  scientific  tc^ 
claim  that  the  electricity  should  be  confined  to  the  exact  seat  of  th^ 
disease.     Now  the  wise  physician  is  both  scientific  and  practical,  ancdR 
keeping  clearly  before  the  mind  this  central  thought,  that  the  leadinj 
action  of  electricity  is  that  of  a  stimulating  tonic  with   a  powerfi^l 
sedative  influence,  we  can  readily  discern  the   truth  on  this  subjectr-.^ 
Both  the  seat  of  the  disease  and  the  seat  of  the  symptom  should  \p^ 
treated,  for  in  both  there  is  need  of  improvement  in  nutrition.    Lx% 
this  view  common  sense  and  experience  accord     In  hemiplegia»  for   ^^ 
typical   example,   the  lesion,  the  seat  of  the  disease,  is  in  the  braiw^* 
while  the  leading  symptom  is  in  one-half  of  the  body,  which  is  para- 
lyzed.    The  muscles  of  that  side  become  atrophied,  and  the  ncrv^s^ 
become  amesthetic.     To  restrict  the  electrization  to  the  brain,  and  to  ih^^^^H 
side  of  it  where  the  lesion  is  or  is  supposed  to  be,  is  so  imposing  ar»^B 
scientific  in   theory  that  electro-therapeutists   of  limited   experien^:^^ 
might  advise  this  treatment  exclusively.      To  purify  the   stream,  fii 
purify  the  fountain.     Lay  the  axe  at  the  root  of  the  tree.     All  the 
analogies  are  beautiful,  but  they  are  fallacious.     The  symptoms  of  t^^ 
disease  will  not  disappear  when  the  disease  disappears.     The  eflfecrt^^ 
remain  after  the  clot  is  absorbed.     In  the  larger  number  the  half  *^  ^ 
the  body  is  as  much  the  seat  of  the  disease  as  the  brain;  fort^^ 
several  parts  of  this  human  machinery  are  all  members  one  of  anoth^^*^ 
When  one  suffers  all  suffer.    To  confine  the  treatment  to  the  paraly3:ecf  ■ 
muscles  is  also  irrational,  although  the  purely  peripheral  treatment  ^ 
far  more  successful  than  purely  central.     If  we  are  to  be  exclusiw  .t^'^ 
one-sided  and   theoretical  in  our  treatment,  it  is  better  to  exclusivt 
treat  what  are  called  the  symptoms  or  effects  of  the  disease,  and 
neglect  the  brain  altogetlier.     Rut  it  is  the  part  of  the  higher  wisdoffl 
to  use  both  methods — central  and  peripheral,  to  attack  the  seat  of  the 
lesion  and  the  seat  of  the  sympton. 
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The  most  satisfactory  results  in  hemiplegia  come  from  a  coiiibinatton 

of  peripheral   and  central  treatment.     Similarly  with  diseases  of  the 

^^>inal  cord,  as  congestion,  sclerosis,   resulting  in   paralysis  of  motion 

<^*"  sensation.     Purely  central  treatment — ^galvanization  of  the  spinal 

<:^<:>rd — is    not   sufficient ;    the  symptom  also,  the   paralysis,  must  be 

^*-^ated  directly  in  the  muscles  and  nerves  where  it  is  most  prominent, 

Jf  ^m^  diseases  of  the  spinal  cord,  treatment  confined  to  the  seat  of  the 

^^iscasc  does  more  good  than  in  diseases  of  the  brain,  for  the  reason 

^^^Xnat  the  cord  is  more  accessible  to  the  current,  its  surface  being  more 

^^  Dci>osed,  as  it  were,  throughout   its  entire  length.      But  those  who 

^^^ontent  themselves  with  treating  diseases  of  the  cord  by  simple  galvani- 

^^^ation,  to  the  exclusion  of  peripheral  treatment^  make  a  grav^e  mistake  ; 

"^^ey  fail  where  they  ought  to  succeed,  and  they  succeed  only  in  a  small 

'^ZDercentage  when  a  large  percentage  was  possible.     Cases  of  ataxia, 

^as  well  as  of  motor-paralysis  need  peripheral  treatment  with  the  moist 

^5sponge  or  wire  brush,  or  both,  as  well  as  galvanization  of  the  spine. 

^n  the  same  principle  our  method  of  central  galvanization  is  some* 

Times  more  effective  in  diseases  of  the  cord  and  brain  than  localized 

galvanization  of  these  parts,  as  usually  practised.     In  neuralgia  also, 

where  the  seat  of  the  disease  is  in  the  nerve^cntres,  the  application 

e      -should  be  made  both  to  the  tender  and  painful  points^  as  well  as  over  the 
root  of  the  nerve,  and  a  very  good  method  of  application  is  to  place 
one  j>ole  over  the  origin  of  the  painful  nerve,  as  near  as  possible,  and 
the  other  over  the  tender  point  and  along  the  whole  course  of  the 
i»erve»     Frequently  neuralgia,  as  we  shall  see,  yields  to  our  method  of 
central  galvanization — where  not  only  the  painful  and  diseased  parts,  but 
^'so  the  whole  central  nervous  system,  whether  healthy  or  not,  is  treated, 
*^when  it  does  not  yields  at  least  as  rapidly  or  as  surely,  to  local  appli- 
<^tions  either  central  or  peripheral. 

If €alihy  parts  may  be  benefiUd  by  Eiectrimtwn, — ^There  is  a  kind  of 

*^  nconscious  idea  abroad  among  electro- therapeutists  that  in  applying 

Electricity  to  the  body  it  is  necessary  to  avoid  acting  on  healthy  parts, 

^.Tid   that  the  direct  effects  of  the  current  should,  so  far  as  possible,  be 

^^onftned   to  the  part  that  is  supposed  to  be  in  a  diseased  condition. 

*^hi5   erroneous   doctrine   takes   its   origin,  firsts   in    the   teaching   of 

"%^ucheT>ne  and  other  advocates  of  localized  electrization,  and,  secondly^ 

i  n  the  narrow  and  incorrect  ideas  of  the  general  physiological  and  thera- 

'j>eutical  action  of  electricity. 

Duchenne,  by  embod>ing  the  term  "  localized  '*  in  the  title  of  his  work, 

kas  done  much  to  popularize  in  the  profession  the  notion  that  in  eleC' 

trical  applications  the  aim  should  be  to  concentrate  the  current  on  th« 
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part  where  it  is  supposed  to  be   neededt  and  to  avoid  affecting  olhet 
parts. 

The  idea  that  electricity  is  a  mere  siimiilus,  and  only  valuable  as  a 
means  of  exciting  paralyzed  muscles  or  waking  up  dormant  nerves, 
would  very  naturally  lead  to  the  adoption  of  the  view  that  it  should  be 
used  only  in  those  parts  that  arc  in  need  of  stimulation,  and  that 
healthy  parts  would  be  injured  by  it.  The  false  ideas  that  have  pre- 
vailed in  regard  to  effect  of  stimuli,  which  we  have  elsewhere  discussed, 
have  tended  to  increase  this  absurd  dread  of  ajiplying  electricity  to 
healthy  parts.  A  little  common  sense  applied  to  this  subject  may  per- 
haps help  us  to  find  the  truth  without  great  difficulty. 

First  of  all,  we  must  bear  in  mind  always  that  the  doctrine  taught  by 
the  European  writers,  that  electricity  is  a  slimtilus  merely,  is  narrow 
and  erroneous.  Electricity^  applied  to  the  body,  acts  as  a  stimulating 
tonic  with  a  powerful  sedative  intiuence.  Then,  again,  stimulants  are 
something  more  than  mere  goads  or  spurs  ;  they  correct  and  intensify 
the  forces  of  the  body,  and  may  be  useful  and  as  necessary  in  conditions 
that  we  call  healthy  as  in  those  that  we  call  unhealthy.  Stimulants 
tonics^  and  sedatives  are  called  for  every  day,  and  are  every  day  em- 
ployed by  nearly  every  member  of  the  human  race,  young  or  old,  sick 
or  well.* 

Still  further,  pathology  is  not  so  nnich  a  special  and  separate  condi* 
tion  as  a  degree  of  the  noniial  condition  of  health.  No  one  can  tell 
just  where  physiology  ends  and  pathology  begins*  Reasoning  from  all 
these  considerations,  it  is  clear  not  only  that  electricity  need  not  be 
confined  to  diseased  parts,  but  that  the  parts  that  we  call  healthy  may 
be  benefited  by  it  just  as  truly  as  those  that  we  beiieve  to  be  un- 
healthy, and  the  benefit  they  receive  may  react  favorably  on  the  dis* 
eased  parts,  and  thus  aid  the  treatment.  _ 

These  views  are  enforced  by  analogy.  Very  few  of  our  stimulating  ■ 
tonic  or  sedative  remedies  are  limited  in  their  action  to  parts  that  are 
diseased*  The  metUcines  that  we  give  by  the  mouth  or  by  the  s^xinge 
go  whither  they  please,  and  if  they  sensibly  affect  some  diseased  organ, 
it  is  not  because  their  action  is  confined  to  that  organ,  but  because  that 
organ,  on  account  of  its  readier  operation  or  of  its  disease,  is  more  sensi- 
tive than  other  [>arts  to  the  influence  of  remedies.  Alcohol  or  opium  gq 
to  the  brain,  lead  affects  the  exterior  muscles  of  the  forearm,  and  the 
indiience  of  chlorate  of  potash  is  quickly  felt  in  the  mucous  membrane 


•This  subject   is  discussed   in   detail  in  Dr.  Bearc's  work  on  "Stimulants  motf 
Karcotics," 
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I  ^  the  mouth  ;  but  none  of  these  remedies  restrict  themselves  to   the 
Vitls  that  are  the  most  perceptibly  affected  by  them. 

Indeed,  the  fact  that  our  most  vahied  medicines  are  used  for  such  a 

[  variety  of  local  and  general  affections  shows  that  their  effects  are  not  con 

pncdto  separate  parts  of  the  body  to  the  extent  that  has  been  supposed. 

Klectricity  can  be  localized,  in  cases  where  it  is  desirable  to  do  so, 

?tter  than  almost  any  other  remedy,  and  yet  the  most  careful  and  suc- 

?ssfu!  localization  of  the  current  is  more  or  less  imperfect     The  re. 

Hex  effect  of  electrization   that  always  complicates  the  direct  effects, 

^ati  which  are  sometimes  of  more  value  than  the  direct  effects,  cannot 

avoided.     Then,  again,  the  branch  currents,  which,  as  we  have 

'^t  move  in  undulations  not  only  directly  between  the  electrodes,  but 

considerable  distance  on  either  side  of  the  median  line  between 

Mn^  will  be  likely,  in  nearly  all  forms  of  application,  to  touch  healthy 

h-Tts  that' do  not  stand  in  especial  need  of  treatment.     The  most  com- 

-te  form  of  localized  electrization  is  electrolysis  when  the  needles  are 

P'-acc<i  close  together,  but  even  here  the  reflex  effect  is  most  powerful, 

id  Operates  w^ith  a  mild  as  well  as  with  a  strong  current, 

[But  fortunately  it  is  never  necessary  to  localize  electricity,  in  the 

"^^t  sense  of  the  term.     It  is  sometimes  necessary,  however,  to  avoid 

educing  too  strong  reflex  effects,  and  in  applications  near  sensitive 

^^s   the  possibility  that  the  branch  currents,  if  powerful  currents  are 

^d«  may  over-irritate,  should  ever  be  borne  in  mind.     Experiment  and 

cxpericQce  show  that  healthy  animals  and  men  can  be  electrized  with 

^^fit  all  over  the  body,  or  in  any  part  of  it.     In  applying  electricity 

Any  part  of  the  body  we'  improve  the  nutrition  of  that  part ;  in  ap- 

Py^iig  electricity  to  the  whole  body  we  improve   the  nutrition  of  the 

^^le  body,  or,  at  least,  of  those  parts  which  are  directly  or  indirectly 

'fenced  by  the  current.     Faradization  of  a  healthy  muscle  makes 

K^ow  faster  than  it  would  grow  without  faradization  j   in  other  words, 

fP''o<Juces  the  same  effect  that  it  would  if  the  muscle  were  paralyzed. 

^^ft    a  part  is  in  a    pathoiogical   condition-^ when,  for  example,  a 

^*^lc  is  atrophied — any  improvement  in  nutrition  under  electrization 

*^otc  quickly  obser\'ed,  and  is  probably  more  rapid  and  important 

J^^    when   the  same  muscle  is  treated  tn  a  physiological  condition  ; 

'*^  the  improvement  of  the  healthy  muscle    is    none    the    less   real, 

^**Kh  it  may  be  relatively  less  important  than  in  the  diseased  muscle, 

*tie  tonic  effects  of  general  faradization  and  of  central  galvanization, 
^^^  indeed,  of  many  forms  of  localized  electrization  are  due  to  the 
*^^^cct  or  indirect  action  of  the  current,  on  parts  which  are  more  or  less 
^^*ithy,  or  which,  to  say  the  least,  are  not  in  any  recognizable  patho 
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logical  state*  The  objection  sometimes  brought  against  these  meth^ 
that  they  do  thus  affect  healthy  parts^  siraply  attempts  to  prove  too 
much.  The  same  argument  would  banish  all,  or  nearly  all  our  stimu 
lants,  tonics^  and  sedatives  from  our  materia  medica,  and  practically 
discourage  all  attempts  to  relieve  or  cure  chronic  diseases  of  the  nen 
vous  system. 

Dose  of  Electricity. — Nearly  all  our  medicines  are  prescribed  by  an 
average  standartl  dose.  This  average  standard  is  derived  from  experi* 
raent  and  experience,  and,  with  the  majority  of  drugs,  is  a  safe  guide 
in  administration^  although  every  judicious  and  thoughtful  physician 
studies  each  case  by  itself,  and  varies  the  dose  according  to  the  ap 
parent  indications. 

In  the  case  of  electricity,  when  medically  employed,  the  dose  cannot, 
in  the  present  state  of  science,  for  obvious  physical  reasons^  be  arbitral* 
rily  or  mathematically  stated. 

The  dose  of  an  application  of  electricity  consists  of  these  factors  : — 

1.  The  strength  of  the  current,  or  the  quantity  of  electricity  that 
flows  in  a  given  time. 

2.  The  length  of  the  application. 

Both  of  these  factors  are  so  modified  in  various  ways  that  they  can- 
not attain  anything  like  mathematical  precision.  The  strength  of  the 
current,  or  the  quantity  of  electricity  that  flows  through  the  circuit,  ai 
we  are  taught  hj  Ohm's  law,  is  the  electro  motive  force  divided  by  the 
resistance.  We  have  previously  shown  (in  Electro  Physics,  chapter  vii.) 
that  both  of  these  factors  are  susceptible  of  almost  infinite  variations, 
some  of  which  are  and  others  of  which  are  not  imderstood. 

In  the  time  of  the  application  there  is  less  vagueness,  but  even  in 
this  factor  the  precision  is  more  apparent  than  real ;  for  the  effect  of 
electricity  depends  so  much  on  the  manner  in  which  application  is 
made,  whether  with  interruptions  or  without  interruptions,  whether 
with  large  or  small  electrodes,  etc.  The  method  of  the  application, 
whether  local  or  general,  and  if  local,  to  what  part,  and  how  directed, 
also  modifies  seriously  the  determination  of  the  dose  from  the  length 
of  the  application.  Ten  minutes  of  general  faradization  or  central 
galvanization  will  have  a  much  more  powerful  general  effect  than 
ten  or  even  twenty  minutes  of  local  electrization.  Five  minutes  of 
galvani/ation  of  the  brain  will  accomplish  more  good  or  evil  than 
fifteen  minutes  f.tradiz  ition  of  the  uterus,  or  of  any  one  of  the  extremi- 
ties. 

The  time  may  y^\  come,  in  the  advance  of  science,  when  electrical 
measurement  will  attain  such  a  degree  of  precision  that  we  shall  be  able 
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to  presenile  so  m2,i\y  farads  of  electricity,  as  we  now  prL*scribe  so  many 
grains  of  quinine,  or  so  many  drops  of  laudanum ;  but  tlie  day  when 
such  eitactness  shall  be  possible  in  applications  to  the  human  body  ii 
probably  not  very  near.     Our   present  method  of  measuring  tlie  gal» 
vanic  current  by  the  number  of  degrees  of  defiectioti  of  the  needle  of  a 
galvanometer  is  very  unsatisfactory,  for  the  twofold  reason  that  tlie  de 
flection  beyond  a  certain  angle  does  not  accurately  represent  the  relative 
itrength  of  the  current,  and  especially  because  when  applied  to  the 
l)ody  a  different  and  varying  resistance  is  encountered,  which  at  once 
destroys  the  value  of  the  comparison.    Electro-therapeutists  have  some- 
titnes  stated  the  amount  of  the  deflection  which  the  current  caused 
before  being  applied  ;   but  all   such  statements  are   of  little   or   no 
Valtie,  and  particularly  when  we  do  not  know  the  construction  of  the 
particular  galvanometer  which  they   employ.     A  further   difficulty  in 
tmeasuring  electricity  by  the  galvanometer,  is  that  the  strength  of  the  cur- 
rent in  most  of  the  batteries  in  common  use  declines  during  the  appli- 
ca,tions»  so  that  a  current  which  is  powerful  at  first  may  in  the  course  of 
*«n  or  fifteen  minutes  be  only  medium. 

The  graduated  scale  on  some  of  our  faradlc  machines,  and  which  in 
^icates  the  number  of  inches  that  the  rod  or  helix  or  tube  is  moved, 
is  also  a  practically  useless  guide,  except  as  far  as  it  may  be  resorted 
^a  to  encourage  and  amuse  silly  and  weak-minded  patients.  In  any 
Caxadic  machine  the  strength  of  the  current  in  the  cell,  and  consequent- 
ly the  strength  of  the  induced  current  in  the  coil,  varies  from  day  to  day, 
^nd  varies  during  the  application  ;  and  the  amount  that  passes  through 
^e  [ladent  is  dependent  on  the  size  of  the  electrodes,  and  the  amount 
^  moisture  in  them,  and  their  relative  position. 

In  default  therefore  of  any  trustworthy  means  of  prescribing  electricity 
l>y  farads,  or  other  definite   measures,  we  are   compelled  in   practice 
to  depend  on  these  two  indications  : 
I .     The  sensations  of  the  patient. 

Very  fortunately  the  sensation  of  the  patient  during  the  application 
indicates  with  considerable  correctness  whether  the  current  is  of  the 
proper  strength.  The  rule  is  thai  where  strong  currents  are  home 
without  discomfort  strong  currents  are  beneficial ;  where  only  mild  eur^ 
rents  are  borne  only  mild  currents  are  indicated*  The  difference  in  the 
natural  sensitiveness  of  patients  to  electricity  is  very  great.  This  dif* 
ference  is  further  modified  by  disease*  In  anaesthesia  local  and  general, 
in  sclerosis  of  tlie  nerve  centres,  and  certain  local  affections,  very  power 
fal  currents  cause  but  little  pain.  On  the  other  hand  in  hyperesthesia^ 
iu  hysteria  and  allied  atfections  as  a  rule,  and  in  acute  and  subacute 
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locil  inflammations^  only  raild  currents  can  be  borne.  To  disregard 
the  feelings  of  the  patient  and  make  the  applications  exceedingly  pain- 
ful  will  tend  to  produce  the  evil  rather  than  the  good  effects  of  dec 
tricity.  To  give  only  mild  applications  when  painful  ones  could  be 
well  borne  is  to  rob  the  patient  of  a  part  of  the  benefit  to  which  he  u 
entitled. 

To  the  rule  that  the  sensations  of  the  patient  arc  ti  e  guide  m  dec 
trical  applications  there  are  some  exceptions,  just  as  there  are  smne 
exceptions  to  the  rule  that  the  appetite  is  the  guide  in  the  quantity 
of  food  that  we  eat.  It  is  partly  to  guard  against  these  exceptions,  and 
to  keep  on  the  safe  side,  that  the  first  few  apphcations'on  a  new  pa- 
tient whom  we  have  not  before  treated  by  electricity,  should  be  mild  and 
short. 

Not  only  do  different  individuals  vary  in  their  sensitiveness  to  elccm- 
city,  but  different  parts  of  the  surface  of  the  body  in  the  same  individual 
also  vary,  as  we  have  seen  through  a  considerable  range ;  and  in  tlic 
cavities  of  the  body  and  on  tlie  mucous  surface  the  range  of  variatioQ 
in  sensitiveness  is  yet  greater.  The  mucous  membrane  of  the  mouth, 
tongue,  urethra,  is  very  sensitive,  and  this  sensitiveness  should  be  in- 
spected by  the  electro -therapeutist. 

There  are  some  quite  rare  cases  of  hysteria  where  the  great  scnsi* 
tiveness  of  the  patient  may  be  disregarded,  or  chloroform  or  ether  may 
be  administered.  The  sensitiveness  of  the  patient  is  a  guide  oalyttf" 
mainly  in  regard  to  the  strength  of  the  ciurenL  Id  regard  to  tii* 
length  of  the  application  we  must  be  guided  by — 

2,  The  immediate <t  secondary^  and  remote  effects. — This  second  giu^Jc 
serves  to  correct  the  mistakes  of  the  first.  A  meal  that  disagrees 
with  us  may  show  its  ill  effects  in  a  few  minutes  or  hours,  or  the 
following  day.  Similarly  we  should  study  the  effects  of  electrical  ap- 
plications. So  far  as  any  one  or  all  of  the  good  effects  described  in  this 
chapter  follow  an  application,  so  far  we  may  judge  that  the  ^ppli^a* 
tion  has  done  good  ;  so  far  as  any  or  all  of  the  evil  effects  described 
in  this  chapter  follow  an  application,  we  may  judge  that  it  has  dotic 
eviL  The  evil  and  the  good  efl^cts  may  sometimes  be  associated 
1*0  rightly  interpret  these  effects,  and  to  distinguish  between  those  that 
are  produced  by  the  applications  and  those  that  are  produced  by 
moral,  hygienic  or  medical  causes  is  one  of  the  severest  tests  of  roedv* 
cal  skill  There  is  less  liability  to  deception  in  studying  the  imroediaW 
effects,  since  there  is  less  chance  for  othe*  forces  to  complicate  ibc 
results.  After  a  few  hours,  the  complications  of  diet,  exercise,  weathcfi 
medicine  and  so  forth  begin  to  appear,  and  obscure  the  effects  of  tive 
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electricity*  The  secondary  and  remote  effects  can  therefore  only  be 
ascertained  by  repeated  observations.  A  single  application  gives  U3 
little  opportunity  to  answer  the  question  whether, electricity  is  really 
tl^e  remedy  that  the  case  requires. 

One  caution  must  not  be  forgotten :  the  immediate  and  secondary 
effects  may  be  mi  while  the  remote  effects  may  be  good, 

A  long  walk  that  much  fatigues  us  is  often  beneficial,  though  the 

benefit  does  not  appear  for  several  days.     Those  who  take  travelling 

^'acations  to  recruit  exliausted  energies,  frequently  feel  worse    while 

^"cy  are  travelling,  but  are  stronger  on  their  return  and  for  months 

wliowing.     The  fatigue  aind  soreness  and  stiffness  that  sometimes  fol- 

'ow  skating  and  gymnastics,  and  other  exercises,  do  not  always  indi- 

^^^tt  that  benefit  has  not  been  derived.     The  next  day  the  appetite 

^n<i  spirits  may  be  better,  sounder  sleep  may  follow ;  the  evil  and  the 

goo^j  effects  contend  for  the  mastery,  and  the  good  effects  triumph. 

"^he  best  results  of  Electrical  Treatment  usually  obtained  with  Mild 

*^*^rents, — For  the  average  constitution,  and  with  the  exceptions  that 

^^e  from  certain  idiosyncrasies  and  certain  diseases,  such  as  anesthesia, 

^^  best  results  of  electrical  treatment  are  obtained  by  wz/r/ currents. 

1*he   temptation  to    disregard   this   rule  and  usV  painful  currents  is, 

^  ^^n  for  the  experienced  electro-therapeutist,  very  great,  and  sometimes 

^^^sistible.     The  dogma,  "  no  smart  no  cure/*  which  has  wrought  so 

^^ch  misery  in  the  world,  still  lingers,  even  among  the  intelligent, 

The  descendants  and  near  relatives  of  the  man  who  growled  at  he 

^^titist  for   extracting  his  tooth  without  pain  or  bhister,  because  he 

^^d  been  accustomed  to  being  hauled  all  around  the  room  during  that 

tkeralion,  are   yet  very  numerous.     Even  in    cultivated  circles  there 

^n  be  found  those  who  have  no  faith  in  medicine  unless  it  is  bitter, 

^^^^d  no  respect  for  the  doctor  unlesis  he  half  kills  them.     Then  again 

^^:>rne  patients  make  a  virtue  of  bearing  pain,  and  will  pretend  that  they 

^4fo   not  feel  the  current  when  they  know   they  are  suffering  all  the 

*Xorrors   of  the  damned.     Moreover,  mercenary  patients  wish  to  get 

^^cir  money's  worth,  and  if  they  pay  so  many  dollars  for  an  application, 

^^ey  want  so  many  dollars'  worth  of  agony.     For  all  these  reasons  com- 

V:^ined,  we   are,  in   spite  of  our  experience  and  caution,  continually 

'^'^aking  the  blunder  that  we  here  warn  against.    Over  the  doors  of  the 

^alectro-therapeutist,  and  in  full  view  of  the  operating  chair,  we  would 

inscribe  this  raolto»    **  Better  give  much  too   little  than    a  little  too 

%nuch.'  * 

Thi  use  of  Salt  on  the  Electrode. — A  very  good  device  to  prevent  using 
too  strong  currents,  particularly  the  galvanic  current,  is  to  saturate  the 
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sponges  or  cloths  of  the  electrode  with  plenty  of  salt  water  Sale  vtter 
is  a  good  conductor,  much  better  than  simple  water,  and  mil  att$e 
the  patient  to  seosiriveiy  feel  a  current,  of  which,  if  the  salt  wiiet 
were  not  used,  he  would  not  be  conscious. 

With  the  same  strcngtli  of  current,  a  sponge  or  cloth  electroi^ 
saturated  with  salt  is  more  painful  than  a  similar  electrode  twt  so 
5Jit\irated.  The  current  when  conducted  though  salt  seerns  to  pass  io- 
points  from  the  electrode  to  the  body  just  as  when  conducted  thioi:* 
metal  or  the  metallic  brush.  In  a  word,  an  electrode  saturated  with  >^  - 
not  only  conducts  a  greater  quantity  of  electricity,  in  accordance  wi^ 
Ohm*s  law,  but  conducts  it  more  painfully  than  an  electrode  saturated 
with  ordinary  water, 

Care  in  the  Details  of  the  Applications. — There  is  as  much  diffe*'- 
ence  between  a  skilful  and  an  awkward  application  of  electricity  •* 
there  is  between  a  skilful  and  an  awkward  operation  in  surgery,  ^y 
those  who  desire  to  become  experts  in  applying  electricity,  the  follo*r- 
ing  points  should  be  considtfred  : 

I.  To  avoid  suddenly  interrupting  the  currents  in  cases  where  intc*^ 
ruptions  are  not  required,  and  especially  in  applications  on  or  ntfsrtH* 
head.  In  the  treatment  of  paralysis  of  motion  and  of  sensation,  iQte^r* 
ruptions  are  required,  but  in  the  treatment  of  the  brain,  spinal  < 
and  sympathetic,  and  in  very  many  peripheral  applications  jAjiWfO*^j 
rents  only  are  required.  In  all  such  cases  the  current  should  be  do( 
gradually  and  delicately,  if  iK>ssible  by  means  of  a  rheostat  of  i 
kind,  or  by  increasing  or  diminishing  the  pressure  on  the  sponge  of  1 
electrode.  Interruptions  made  in  the  metallic  part  of  the  current  ft** 
always  more  sudden  and  violent  than  those  made  in  the  electrodes,  ft** 
the  physical  reason  that  the  connection  of  the  current  is  more  sharp tf^ 
abrupt. 

Delicate   patients  should  be  treated  with  delicacy.     Those  k^o  iX* 
sensitive  and  apprehensive  should  never  be  annoyed  by  sudden  br£a3^ 
in  the  current,  except  in  those  forms  of  disease   where  sudden  brc*.*^* 
are  required. 

In  presenting  this  caution  we  do  not  intend  to  endorse  the  notion  th-^^ 
serious  pathological  lesions  are  caused  by  interrupting  the  current,  t'y^^' 
on  or  near  tlie  brain.      There  is  little  or  no  evidence  besides  the  O^^ 
of   Duchenne,  that  any  serious  injury  to  tlie  retina,  or  to  the  indito*^ 
nerve,  or  to  any  part  of  the  brain,  or  sympathetic,  or  spinal  cord,  h^^ 
been  produced  by  faradization  or  galvanization  with  the  strength  ofctt^ 
rent  ordinarily  employed  in  electro-hiedical  applications.     The  ditf*' 
nessy  the  sour  taste  in  the  mouth,  the  flashes  of  light  before  the  cyrt  i 
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shock  or  agitation  produced  by  the  sudden  interruption  of  the 
\fmc  current,  are  annoying,  and  to  the  delicate  patient  unaccus- 
to  iheni,  sometimes  alanning,  but  with  the  batteries  in  ordinary 
and  with  the  strength  of  current  that  is,  or  ought  to  be  employed 
iroiigh  the  head  and  neck,  they  are  rarely  if  ever  dangerous :  they 
temporar)*  effects  that  soon  pass  away,  and  are  forgotten.  But 
they  are  to  be  avoided  in  cases  where  they  are  not  required,  for  the 
t-fold  reason  that  they  do  no  positive  good,  that  they  may  interfere 
ith  the  success  of  tlie  treatment,  and  that  they  alami  or  annoy  the 
:nl  We  are  to  avoid  worrying  our  patients  in  this  way,  for  the 
reason  that  we  are  to  avoid  treading  on  their  corns,  because  it  is 
eeable  and  discourteous. 
2'  To  avoid  making  the  applications  unnecessarily  painful  through 
carelessness  in  the  manag-ement  of  the  electrodes.  By  the  use  of  fine 
if4  soft  sponge — the  best  that  can  be  found  in  the  shops — the  smarting 
it»d  Slinging  pain  of  the  applications  can  be  much  diminished.  Aside 
from  the  fact  that,  with  some  exceptions,  less  satisfactory  results  follow 
l»tnful  than  pleasant  currents,  the  feeling  of  pain  should,  so  far  aspos- 
*We,  be  avoided.  There  are,  as  we  have  said,  a  certain  number  of  pa- 
»*nts  who  carry  into  medicine  the  same  views  that  once  dominated  in 
Khgioii,  and  who  desire  to  suffer,  and  have  very  little  respect  for  any 
Ircatment  that  does  not  cause  more  or  less  agony.  Such  patients  i^ill 
wmctimes  ftnd,  after  one  or  two  severe  and  painful  applications,  that 
weyarc  injured  more  than  benefited,  and  will  submit  to  the  advice  of 
^  physician  and  take  the  treatment  that  is  best  for  them. 

3-  To  avoid  surprising  and  startling  the  patient  by  allowing  the  wires, 
ihe  metallic  portions  of  the  electrodes,  to  touch  any  part  of  his  ex* 

i**^  body.  If  the  connecting  wires  slip  out  of  their  connections  with 
*^  electrodes  they  are  liable  to  fall  on  the  exposed  skin  and  give  a 
Nnful  shock-  If  the  edge  of  the  electrode  not  covered  with  sponge 
*^'oth  touches  the  skin,  it  will  give  the  patient  sudden  pain,  and 
'^^^y  both  him  and  the  operator.      Connecting  wires  that  are  not  pro- 

<^N  by  rubber  are  liable  to  lose  their  silk  or  cotton  covrrings  in 

**^  which  when  they  touch  the  skin  cause  pain, 

4-  To  be  always  and  every  moment  sure  that  the  current  is  nmning. 
■"c  batteries  should  be  tested  before  the  application,  either  by  the 
f^^^oometcr  or  through  the  hand  or  person  of  the  operator,  that  he 

y  be  sure  that  it  is  in  order,  that  the  connections  are  properly  made, 
^"  that  the  electrodes  are  sufficiently  wet  to  conduct  the  current 
**^ft  mild  currents  are  used,  salt  may  be  added  to  the  solution  in 
rtwch  the  flectrotle  is  dipped^  so  that  a  slight  stinging  sesi^^Hon 
t6 
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beneath  the  electrode,  may  keep  the  patient  assured  that  the  cmre 
is  passing. 

Disrating  of  the  Patient. — The  great  majority  o£  electrical  applit^'] 
tions  require,   on   the  part  of  the  patient,  more  or  less  loosening  O*' 
removal  of  the  dress.      Not  only  is  this  necessary  in  general  (andii»- 
tion  and  central  galvanization,  but  in  very  many  local  applications  to 
the  spine,  abdomen,  and  upper  and  lower  limbs,— excepting  merelflJfc^j 
face,  head  and  hands.     To  know  how  to  direct  the  patients  to  ananyc 
their  clothing  so  as  to  give  the  operator  sufficient  and  easy  access  to  tki^  ' 
person,  is  a  part  of  the  art  of  practical  electro-therapentists,  and  it  i* 
an  art  not  to  be  despised*      Male  patients  have  less  trouble  in  this  le- 
gard  Ihan  female  patients,  since  their  gannents  are  fewer  and  simpler^ 
but  they  are  more  annoyed  by  the  little  they  have  to  do  than  wofDco  j 
are  by  iheir  vast  paraphernalia.     The  art  consists  in  loosening  andpu^ 
ing    up    without  entirety  retnoving  the  underclothing^  thus  avidity 
irouhUy  exposure  and  waste  of  time. 

Temperature  of  the  Electrodes  and  of  the  Operating  J^oam,—! 
question  is  often  raised  by  patients  whether  there  is  any  danger  of  tak- 
ing cold  after  an  application  of  electricity.     The  answer  is  clearly 
the  negative.     The  electricity,  as  such,  so  far  as  it  goes,  fortifies 
system  against  cold  ;  but,  by  careless  exposure  while  undressed  b 
cold  room,  it  is  possible  to  take  cold,  just  as  by  similar  exposure  i 
electricity  is  not  used.     It  is  also  possible  to  make  the  applicari 
quite  uncomfortable  by  using  sponges  moistened  with  cold  instead  < 
tepid  water      Our  aim  should   be  to  have  the   temperature   of 
operating  and  dressing-room  a  little  higher  than  is  necessary  for  a  pc*"j 
son  fully  dressed  ;  to  moisten  the  sponges  or  electrode  covers  in  i 
or — in  very  cold  weather — in  hot  water;  and  when,  the  feet  are  placed  < 
a  foot-plate  of  tin  or  copper,  to  have  a  warm  soapstone  beneath  i 
foot-plate  to  keep  it  always  comfortable. 

Time  of  day  for  the  Application, — Applications  of  electncit)-  may  l>*' 
given  with  advantage  at  all  hours  of  the  day  and  night.     In  ourcxpC* 
ence,  and  probably  in  the  experience  of  all   electroaherapeutists  *^' 
majority  of  the  applications  are  given  in  ordinary  business  hours,  in  t 'f 
forenoon  and  afternoon.     We  have  never  been  able  to  see  that  anyth' ;' 
w*as  gained  by  gi^'ing  any  particular  heed  to  the  hours  of  eating ;  '- 
before  meals,  and  just  after  them,  ordinary  electrical  treatment  mav  •: 
given  with  apparently  as  much  benefit  as  two  or  three  hours  fronw 
meaL     Tn  some  impressible  temperaments,  central  galvaniiation  aai 
general  faradization  temporarily  increase  appetite,  and  for  s\ich  pctsow 
^n  apnlicalion  might  very  properly  be  given  a  little  before  meali.    Fa 
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^hose  who  siiflTer  from  dyspepsia,  a  seance  pretty  soon  after  dinner  might 
^Bjc  of  service  in  aiding  digesliion,  but  we  cannot  say  that  we  have  seen 
.^ny  such  results. 

For  all  delicate,  hysterical,  sleepless  patients,  the  evening  is  an  excel- 
'Ment  time  to  receive  electricity.    The  powerful  sedative  effects  of  central 
^nd  general  electrisation  are  in  this  class  of  patients  most  gratefully  re- 
alized a  little  bcfoK*  going  to  bed,  or  after  they  have  already  retired* 
For  these  reasons  we  have,  for  years,  been  accustomed  to  treat  some  of 
our  patients  in  the  evening,  before  or  shortly  after  retinng,  and,  were  it 
not  for  the  inconvenience,  we  should  do  it  more  frequently, 

Timf  ef  Applications. — ^The  time  of  an  application  is  an  element  of 
the  dose  of  electricity  that  has  not  been  siithciently  studied.  Electro- 
therapeutists  have  fallen  into  the  conventional  and  routine  habit  of  using 
the  cnrrent  all  the  way  from  five  to  ten  or  fifteen  minutes  or  so,  at  a 
sitting,  without  sufficiently  investigating  the  question  whether  the  length 
of  the  application  ought  not  to  be  varied  with  studious  care,  in  each 
CISC,  and  varied  during  the  course  of  treatment. 

For  irritable,  sensitive  and  impressible  patients  this  law  certainly 
holds  ;  that  long  applications  with  mild  currents  are  hitter  than  short 
sppluaiions  with  strong  currents.  This  law,  which  is  the  outcome  of 
all  owr  observations  in  the  department  of  electro-therapeutics,  applies  to 
all  modes  of  using  electricity, 

A  sudden  shock,  or  a  series  of  shoclcs  with  a  powerful  current,  may 
Injure,  where  a  prolonged  ap[jlication  with  a  gentle  current  may  work 
^o  harm  and  much  good.  That  this  element  of  time  becomes  a  practi- 
cal diflficult}Mn  the  use  of  electricity  by  overworked  general  praclitioners, 
^ust  be  admitted :  but  if  it  be  a  scientific  fact^ — as  it  surely  is^ — that 
time  is  required  to  gain  the  choicest  and  best  effects  of  electrical  treat- 
■^lent,  then  we  must  recognize  and  accept  the  fact,  and  treat  our  palienta 
Accordingly,  and  expect  them  to  reward  us  for  our  labors  more  liberally 
^l»an  for  a  mere  prescription  or  suggestion. 

We  insist  on  this  point,  because  we  feel  that  through  neglecting  it 
»^any  mistakes  have  been  made,  and  through  a  disposition  to  neglect  it 
^ihere  is  danger  that  in  some  minds  electro-therapeutics  itself  may  fall 
^nto  disrepute.  WTiile  many  patients  and  many  cases  do  w^ell  under  five 
^>f  ten  minutes  of  electrization,  very  many  others,  especially  after  they 
^ave  become  accustomed  to  it,  require  at  least  double  that  time. 

With  all  our  might,  we  should  avoid  the  error  of  supposing  that  -the 
l>e5t  eflfects  of  electrical  treatment  will  succeed  by  short  applications 
with  strong  currents.  In  this  way  we  may  both  save  time  and  lose  oof 
raticnts. 
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Economy  of  this  sort  may  prove  to  be  the  worst  of  extravagance. 

Frequency  of  the  Applications. — Ordinary  stimii! anting  and  tonic  me  Ji 
cines  are  given  one,  two,  and  usually  three  times  a  day.  The  dose  of 
electricity  cannot  usually  be  administered  so  frequently  without  doing 
more  evil  than  good.  It  seems  essential  to  the  electro-therapeutical 
treatment,  whatever  the  mode  employed, — general  and  local  faradiza- 
tion,  central  and  local  galvanization,  and  even  electric  baths  and  the 
use  of  the  body  batteries, — that  there  should  be  a  considerable  period  of 
rest  between  the  applications. 

Electrization  sets  in  motion  forces  that  slowly  act  and  react  hours  and 
days  after  the  electrization  has  ceased.  The  time  required  for  these 
forces  to  operate  to  the  best  advantage  varies  with  individuals,  but  in 
all  cases  a  certain  period  of  rest  is  required,  and  if  the  application  be 
repeated  before  this  period  or  some  portion  of  it  has  elapsed,  the  bene- 
fits of  the  previous  application  are  more  or  less  neutralized,  and  the 
patient  may  be  weakened  more  than  strengthened.  This  at  least  appears 
to  be  the  conclusion  that  long  experience  forces  upon  us.  All  the 
way  between  every  day  or  once  a  week  the  applications  can  be  given 
with  benefit.  Three  or  four  times  a  week  is  about  as  often  as  the  aver- 
age  patient  cares  to  make  his  visits,  and  it  is  safer  to  begin  treatment 
with  at  least  an  interval  of  a  day  or  two  between  sittings.  Some  pa- 
tients require  at  the  outset  of  a  course  of  treatment,  intervals  of  three 
or  four  days.  If  by  accident  or  intention,  strong  and  long  applications 
are  made,  unpleasant  reactive  effects  may  follow  that  at  once  suggest 
the  necessity  of  wairing  for  a  day  or  two.  Many  a  time  does  it  happen 
to  us  to  visit  a  patient,  and,  on  learning  the  history  of  the  symptoms, 
10  put  off  the  application  twenty  four  or  forty-eight  hours. 

On  the  other  hand,  there  are  those  who  can  take  full  applications  every 
day  for  a  month  in  succession,  and  in  some  cases,  as  it  appears  to  us, 
with  greater  benellt  than  would  be  derived  from  applications  given  every 
other  day.  At  the  founding  of  the  Electro-Therapeutical  Department 
of  Demilt  Dispensary,  we  re ceiv^cd  patients  only  twice  a  week,  and  good 
results  were  obtained  under  that  system,  but  we  afterwards  found  it  de- 
sirable to  add  another  day.  I  n  private  practice  we  make  the  applica- 
tions more  frequently  than  at  first,  and  find  an  advantage  in  so  doing, 
for  the  reason,  mainly,  that  we  use  milder  currents  than  formerly,  and 
our  patients  can  bear  and  be  profited  by  more  frequent  sittings. 

General  and  central  applications  require  longer  intervals  than  local 
and  peripheral  applications,  for  the  patent  reason  that  they  more 
powerfully  affect  the  whole  system,  and  are  more  frequently  followed 
by  re  I  ctive  effects 
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In  rare  cases, — when  the  patient  has  but  a  short  time  to  remain  in  town, 
I  or  wben  an  intolerable  pain  is  to  be  relieved, — we  have  given  appHca* 
laons  twice  a  day,  but  have  not  usually  obtained  any  advantage  thereby. 
Cbionic  nervous  diseases  cannot  be  cured  in  a  day ;  time  is  as  neces- 
ttiv  as  the  electricity.  Long  standing  pathological  lesions  are  not  to 
be  carried  by  assault,  however  bravely  conducted  ;  they  yield  only  to  a 
|ifOlracted  siege, 

R€gukrity  of  the  Appikations. — It  is  the  custom  with  some  electro- 
therapeutists   to   insist  on    regularity  in   the   days  and  hours  of   the 
applications,  and  there  are  those  who   believe  that   the   best   effects 
follow  regular  and  methodical  treatment     On  this  point  we  are  in  some 
^ubt    Patients  who  are  methodical   in   their  habits,   and   who   are 
"^^lar  in  their  visits,  will  be  less  likely  to  omit  visits,  and  will  be 
more  likely  to  persevere,  and  consequently  will  be  more  profited  than 
those  who  omit  half  of  their  visits  and  abandon  treatment  before   it 
*  fiilly  tried.     There  is  no  evidence  that  regidarity,  as  such,  is  any 
*ov^aatage;  although  tliere  is  strong  probability  that  for  some  constitu 
^^K  and,  perhaps,  for  diseases  with  periodic  symptoms,  it  might  be 
*"  advantage    to  give  the   applications  at  the   same  hour  daily,  or 
[  ^^^  ether  day,  as  the  case  may  be.     Our  own  custom  in  this  regard 
l^ines.     Practically  we  find  it  impossible   to  treat   all   patients  with 
"^tc  regularity,  and  in  those  cases  where  we  are  able  to  do  so  we  have 
***♦  ^tisfar,  been  able  to  see  any  special  therapeutic  advantage, 
"^^Jonged  Applications, — A  metho<i  of  using  electricity  that  has  been 
*itrle  studied  by  the  profession   is  that  of  prolonged  applications 
*^*iild  currents, 
■^^    c::ertaln  diseases^  both  medical  and  surgical,  it  is  of  advantage  to 
the  current — galvanic  or  faradic — to  run  for  several  hours — all 
*  J^"^  all  night — as  may  be  convenient, 

^    have  become  so  accustomed  to  the  use  of  short,  or  comparatively 

""^     ^pjihcations,  that  we  forget  that  the  current  if  sufficiently  gentle 

""^y    !:><*  passed  through  the  body,  or  part  of  the  body  for  hours,  if  not 

^      consecutively,  without  injury,  and  with  great  benefit^  provided 

J^^^ij  cautions  are  observed. 

*>^en  the  galvanic  current  is  thus  used,  care  must  be  taken  not  to 
^^^'^  the  sponges,  or  metals,  or  cloths,  to  remain  too  long  in  one 
''^^  since  they  will  cause  a  disagreeable  though  not  serious  ulceration 
^*>e  skin,  that  may  be  some  time  in  healing.  In  order  to  avoid  this 
^A'^^^tion,  it  is  well  to  use  sponges  instead  of  metals,  and  to  change 
tfO^  time  to  time  the  posi  ion  of  the  electrodes,  so  that  they  may  no! 
|0  too  long  on  one  spot. 
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The  details  of  this  method  of  using  elcclricily  must  be  varied  with 
each  case  and  the  circunistaoces  of  the  patient 

Intervals  between  the  Courses  of  Treat  ment,—\i\^  sometimes  of  service 
to  suspend  a  course  of  treatment  after  it  has  been  going  on  a  number 
of  weeks,  and  to  allow  an  interval  of  one  or  more  weeks,  according  to 
circumstances.  It  is  sometimes  observed  that  patients  improve  as 
nuich  during  the  interval  as  during  the  treatment,  and  when  the  appli- 
cations are  renewed,  they  have  greater  force  than  at  the  close  of 
the  course  of  treatment.  It  is  true  of  electricity,  as  of  almost  every 
other  stimulant,  tooic,  sedative  remedy,  that  after  receiving  it  a  certain 
time  the  system  becomes  so  accustomed  to  it  as  to  tolerate  it,  and 
then  its  full  force  is  not  appreciated.  In  cases  where  this  toleration  of 
electricity  is  observed,  when  the  improvement  halts,  so  to  speak,  a 
brief  sirspension  of  treatment  iiiay  be  indicated,  and  on  renewing  it, 
all  the  benefit  at  first  realized  may  be  repeated. 

On  the  other  hand,  there  are  patients  who  seem  to  prosper  best  under 
steady,  uninterrupted  treatment. 

Combination  of  Methods  of  Application, — Comparatively  few  diseases 
are  to  be  treated  solely  by  any  one  method  of  application  ;  many  of  the 
purely  local  affections  ever  yield  better  to  electrical  procedure,  when 
the  ajjplicatioDs  are  varied,  than  when  one  mode  only  is  persistently 
used.  Both  currents,  galvanic  and  farad ic^  may  be  tried  in  alternatioo 
or  succession,  and  both  the  direct  and  indirect  methods  may  be  em- 
ployed at  the  same  silting  or  at  different  sittings.  In  all  diseases  where 
the  whole  system  is  involved,  the  method  of  application  may  be  yet 
more  varied.  General  faradization  and  central  galvanization  may  be 
used  alternately,  and  the  alternation  may  be  by  the  day  or  week. 
These  methods  may  be  varied  with  galvanization  of  the  brain  in  all 
directions,  galvanization  of  th-*  pneumogastric  and  sympathetic  and  of 
the  spine.  In  some  diseases,  as  notably  in  those  where  central  le* 
sions  are  accompanied  by  peripheral  injury  and  general  exhaustion,  as 
hemiplegia,  ataxia,  and  so  forth,  all  the  methods  of  application  may 
be  used,  including  faradization  with  the  wire  brush*  We  observe  not 
unfrequently  that  after  one  method  of  electrization  has  done  all  that 
it  is  capable  of  doing,  after  it  seems  to  have  lost  its  power,  another 
method  of  electrization,  or  a  mere  n*odification  of  a  method,  may  push 
the  improvement  yet  further,  until  it  in  time  loses  its  force  and  the  fresh 
Btimulus  of  another  method  is  required 

In  this  respect  the  behavior  of  electricity  is  in  no  way  peculiar;  ta 
ill  powerful  remedies  the  s)'stem  in  time  becomes  so  accustomed,  as  to 
tolerate  them  without  appreciating  their  remedial  bHuence.     In  the 


GENERAL  SUGGESTIONS. 


247 


titi  a^  istratior.  of  tonics  in  cases  of  debility,  and  of  astringents  In  cases 
(T^^^onic  diarrhoea,  a  necessity  fo(   frequent  change  of  remedy  is 
r^Iy  recognized. 

^wtsiif  judge  0ftht  Effects  of  ElectrUal  Treatment, — It  is  of  the  first 
impor-taoce  for  the  electro  therapeutist  to  have  a  clear,  just  and  sys 
tenta^^c  method  of  determining  the  effects  of  electricity,  both  good  and 
cviL  Much  of  the  difference  of  opinion  tliat   prevails   among   those 

no  i^se  electricity,  as  to  its  general  and  special  value,  and  much  of  the 
rejiic3ice  that  exists  against  electro-therapeutics  is  the  result  of  a  want 
a  Icnowledge  of  the  tests  by  wiiich  Ihe  action  of  electricity  on  patients 
to   \>t  determined. 

When  we  give  opium,  we  know  very  soon  whether  it  relieves  pain 
ad  produces  sleepy  or,  as  not  unfreqttenily  happens,  has  effects  pre- 
ly  opjiosite.  We  learn  to  judge  without  great  difficulty  whether  the 
chJoraJ  and  quinine  are  doing  the  work  that  we  desire.  With  stimulants 
*«>d  tonics,  as  used  in  the  chronic  affections,  greater  difficulty  is  ex- 
pcnenced,  but  there  are  certain  tests  which  we  study  and  look  for  and 
by  which  we  are  guided.     The  effects  of  electricity  should  be  similarly 

^^^  ^<v^  effects  of  electrization  are  in  general  as  follows  : 

*'  ^^iief  of  Pain  and  Disagreeable  Sensations  local  and  general,^ 

""^lief   may  appear  shortly  after  the  application  is  commenced, 

^^'^^  tt  tta5  been  continued  for  some  minutes,  or  at  its  close.     In  some 

there  is  no  relief  during  or  immediately  after  the  sitting,  but 

cvcral    hours  subsequently.     We  include  painful  sensations  of  every 

^the  vague  wandering  pains  of   neurasthenia  and   hysteria,  the 

Amit^g  ^j-  jnfl^njumtion  as  well  as  real  neuralgia. 

^mprovemeni  in  the  Pulse, — Where  the   pulse  is  abnormally  slow 

'  ^>  be  quickened  bolli  during  and  for  some  time  after  the  sitting- 

^'^  it  is  abnormally  rapid  it  may  be  lowered.     The  pulse,  there- 

.    ^    *3jay  be  a  guide  in  the  administration  of  electricity,  as  it  is  a  guide 

^^J^^  administration  of  alcohol  and  various  other  forms  of  stimulanls 

^^nics.     If  the  quiet  [julse  is  made  much  quicker  and  so  remains 


^^me  time,  we  may  suspect  that    the 
^^  or  too  long. 


application   has   been    too 


Improvement  in  the  Temperature  of  ihe  Bod}\  or  of  the  part  which  is 
e/— Parts  that  are  abnormally  warm  are  cooled,  or  as  is  more  fre- 
^  L^^^^y  the  case,  parts  that  are  abnormally  cold  are  warmed,  during  and 
^^^^qucnt  to  the  operation.     The  temperature  may  be  tested  by  the 
^^tions  of  the  patient,  by  the  touch  of  the  operator,  or  by  the  ther 
I  ^^^^'^Icr. 
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4,  Generai  calming  Influence  and  Disposition  to  Sleep, — Nervousness 
is  allayed,  just  after  taking  wine^  or  food,  or  a  bath,  or  a  drive  by  the 
sea.  The  disposition  to  sleep  comes  on  usimlly  after  the  application, 
in  rare  cases  during  the  sitting,  especially  when  tlie  head  or  neck  is 
gatvani^ied. 

5.  Menial  Mxhiiaraiion.-'^The.  effect  of  sea-bathing,  or  the  inhalation 
of  oxygen,  is  to  exhilarate  in  a  way  tliat  defies  minute  analysis.  The 
effect  of  electrization  is  similar*  This  effect  is  seen  more  strikingly 
in  hysteria  and  hypochtmdriasis* 

6,  Increase  of  Appetite  and  Improvement  in  Digestion, — In  some 
instances  the  appetite  is  sharpened  by  a  single  sitting;  the  permanent 
improvement  is,  of  course,  a  slower  effect,  and  is  only  observed  after  a 
number  of  applications. 

7.  Improvement  in  Local  and  General  Nutrition.— "Xo  accomplish 
tmprovcment  in  nutrition  is  the  great  object  of  electrical  treat- 
ment- The  relief  of  pain  and  of  other  special  symptoms,  during 
a  sitting,  may  justly  be  regarded  as  results  and  accompaniments  ol 
improvement  in  nutrition.  At  a  later  stage  of  a  course  of  treatmcntt 
the  improvement  in  nutrition  may  be  seen  and  studied  by  the  senses.  ■ 
Improvement  in  local  nutrition  is  produced  by  local  electrization,  im- 
provement  in  general  nutrition  is  produced  by  general  or  central  elec- 
trization. Peripheral  local  electrization,  may,  however,  reflexly  pro- 
duce improvement  in  general  nutrition,  particularly  when  prominent 
organs,  as  the  uterus,  the  stomach,  and  liver,  are  treated. 

The  evil  effects  of  electrization,  by  the  occurrence  of  which  we  may 
suspect  that  the  applications  are  too  strong  or  too  long,  or  improperly 
given,  or  that  wrong  methods  are  used,  or  that  the  temperament  and 
disease  of  the  patient  contra-indicate  electricity,  are,  in  general^  as 
follows : 

1.  Headache  and  Backache, — Sudden  shocks,  or  interruptions  of  the 
current,  may  cause  momentary'  headache  that  passes  away  as  quickly 
as  it  came.  When  the  headache  persists  for  a  considerable  tijne,  one 
may  know  that  there  has  been  somewhere*  a  niistake  in  the  applica- 
tion.    Backache  follows  as  a  nile  only  general  or  central  treatment. 

2.  Irritability  and  Insomnia, — Patients  may  feel  nervous,  irritable, 
and  indefinably  disagreeable  after  an  application,  and  the  sleep  the 
following  night  may  be  less  sound  and  ixiore  disturbed  by  dreams  than 
usual.     These  are  evil  effects*  and  are  to  be  guarded  against* 

3.  General  Malaise, — This  symptom,  which  is  the  reverse  of  the 
exhilarati  >n  spoken  of  among  the  good  effects,  appears  not  unfrequently 
after  an  over-dose,   especially  of  general  faradization.     It  sometimes 
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9hoDgh  less  frequently,  follows  central  galvanization,  and  there  is  no 
Corni  of  local  electrization,  central  or  peripheralj  that  may  not  in  some 
temperaments  and  conditions  give  rise  to  it. 

4-  Exaiaiion  or  Parn^  or  Increase  of  Pain  already  existing, — 
Neuralgia  is  sometimes  increased  on  the  application  of  the  current,  and 
^LTticxilarly  when  the  currents  are  strong  and  interruptions  are  made, 
A  harsh  and  rough  faradic  current,  even  when  mild,  may  aggravate 
pain.  Sometimes  there  is  no  effect  during  or  immediately  following 
tht  seance  ;  but  in  the  course  of  a  few  hours,  the  pain  is  excited  oi 
aggravated. 

Similarly  the  pains  that  accompany  malignant  tumors  may  be  excited 
when  electricity  is  applied  daring  an  interval,  or  they  may  be  increased 
if  treated  dining  the  paroxysm. 

5.  Over-Excited  Pulse.— The  pulse  may  indicate  whether  the  appli- 
cation has  done  good  or  harm,  with  some  considerable  certainty,  pro- 
vided the  operator  is  sufficiently  familiar  with  the  normal  pulse  of  the 
patient.     This  familiarity  can  only  come  from  previous  acquaintance, 
A  stranger,   seeing   a  patient  for  the  first   time,  and  treating  him  by 
electricity,  is  quite  likely  to  be  deceived.     The  pnlse  may  be  over-excited 
hy  the  mere  coming  in  of  a  new  physician,  or  by  the  thought  or  dread 
of  electricity.     Thus  the  value  of  the  pulse  as  a  means  of  determining 
the  degree  of  the  ill  effects  of  an  application  is  much  diminished.     As  a 
t^st  of  the  good  effects  of  electricity,  it  is  much  more  worthy  of  trust. 

6.  Chilliness  and  olhtr  Nervous  Sensations. — An  application  which  has 
t^een  made  injudiciously  may  be  followed  almost  immediatly  by  a  feeling 
^:^i  chilliness,  as  though  the  patient  had  taken  cold.  There  may  be  also 
^^  stiff*ness  of  the  neck,  and  pain  on  turning  the  back»  as  though  the 
patient  were  rheumatic,  and  heat  and  burning  in  tlie  spine,  and  crawling, 
^Dreeping,  pricking,  stinging,  sensations  in  the  face,  down  the  back,  and 
•^^n  the  limbs  and  other  parts  of  the  body. 

These  sensations  are  not  due  to  a  cold,  as  is  sometimes  supposed, — 
ibr,  except  through  gross  carelessness,  patients  do  not  take  cold  during 
an  application  of  electricity » — ^but  they  are  merely  nervous  sensations,  of 
an  hysterical  character,  precisely  like  the  symptoms  described  under 
hysteria  and  allied  affections,  and  are  due  to  over^rritation  of  the  spinal 
cord,  and  perhaps  also  of  the  sympathetic  They  more  frequently  follow 
faradisation  than  galvaniiation,  especially  when  a  hard,  rough,  unpleasant 
current  is  used,  lltey  aiipear  only  in  the  exhausted  and  neurasthe- 
Dic,  and  most  frequently  in  women. 

7,  A  feeling  of  Soreness^  Stiffness^  and  a  dull  Aching. — These  sensi^ 
tioDs  are  closely  allied  to  those  described  in  the  preceding  paragraph  i-^ 
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they  aie  the  result  of  over  irritation  of  the  nerve-centre;  the  sorenesi 
that  is  felt  in  the  muscles  after  severe  £2U"adization  is  somewhat  like  that 
which  is  experienced  after  violent  exercise  in  the  gymnasium,  on  skatei 
or  on  horseback. 

The  dull,  aching  pain  tlirough  the  whole  body  is  like  the  sensation 
that  is  experienced  after  taking  cold*  It  is  a  purely  nervous  sensation 
6D  I  is  caused  by  over-irritation  of  the  spinal  cord.  One  patient  whom  we 
treated  for  an  exhausted  and  irritable  condition  of  tlie  cord,  resulting 
from  ceiebro-spinal  fever,  persisted  that  every  application  caused  hini 
to  **  take  cold'* 

S.  Pre/use  Perspiration. — Gentle  perspiration  is  one  of  the  good  effects 
of  electrization  J  it  is  observed  both  after  general  and  local  treatment. 
But  profuse  perspiration  of  any  part,  as  the  head,  or  one  of  the  limbs, 
or  of  one  side  of  the  body,  or  of  the  whole  body,  occurring  during  a 
s^ncc,  or  directly  following  it,  is  a  bad  syinptom,  and  indicates  over* 
irritation.  In  some  hyper-sensitive  conditions  profuse  perspiration 
may  appear  under  a  very  mild  current,  and  at  the  outset  of  the  appli- 
cation. We  have  known  a  paralyzed  arm  in  hemiplegia  break  out  w^ith 
abundant  perspiration.  In  cases  of  cerebral  and  spinal  irritation  we 
have  known  the  forehead  and  the  hands  to  perspire  freely  during 
the  application.  Some  constitutions  are  specially  impressible  in  this 
regard  We  once  treated  a  case  of  paralysis  of  the  bladder  by  external 
galvanization  ;  the  patient  was  of  the  average  strength  and  health,  but  in 
less  than  tive  minutes  his  whole  body  was  as  freely  perspiring  as  in  the 
botest  summer  day.  Nausea  and  faintness  also  came  on  and  stopped 
the  application. 

9.  Frohnged  Reartwn  of  the  Nerves  of  Special  Sense, — In  the  section 
devoted  to  Electro* Physiology,  we  have  seen  that  the  nerves  of  special 
sense,  the  auditory^  the  olfactory,  the  ophthalmic  and  the  gustatory 
nerves,  all  have  their  special  and  peculiar  reactions  to  electricity. 
These  reactions  are  normal  and  physiological,  but  in  degree  and  variety 
they  au^e  greatly  influenced  by  temperament.  These  reactions  are,  on 
the  part  of  the  auditory  nerve,  hissing,  rushing,  boiling,  seething  sounds ; 
on  the  part  of  the  ophthalmic  nerve  and  retina,  flashes  of  light ;  on  the  part 
of  the  olfactory  nerve^  under  a  pow  erful  and  painful  current,  peculiar 
phosphoric  or  ozonic  odor ;  on  the  part  of  the  gustatory  nerve,  an  add 
I  or  coppery  taste.  For  the  great  majority  of  temperaments  in  health  Of 
disease,  these  reactions  disappear  with  the  cessation  of  the  application  ; 
but  where  there  is  special  susceptibility  to  the  electricity,  or  when  very 
severe  or  proloiiged  applications  have  been  made,  some  of  these  reactions 
may  continue  for  hours  or  days.     Thus  we    have  known  patients  Ic' 
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cooiplaia  of  the  peculiar  taste  in  the  mouth  two  or  thiee  days  after  aj3 
a|>plication.  The  buzzing  in  the  ears  also  does  not  always  stop  when 
the  cuurent  is  opened^  prolonged  flashes  before  the  eyes  are  sometiines 
noticed,  though  but  rarely.  Prolonged  reaction  of  the  olfactory  nerve 
we  have  never  obsejrved* 

W'e  call  these  prolonged  reactions  evil  efifects,  because  they  appear 
la  very  susceptible  patients,  or  after  careless  procedures,  and  are  U5U> 
ally  accompanied  by  other  effects  that  are  unmistakably  cvW, 

Disturbatues  of  ihi  N€rvts  of  Motion  and  Common  Sensation, — Undet 

this  head  we  include  h)^jeraesthesia,  general  or  local ,  that  an  overdose  of 

clccirijcatioQ  sometimes  produces  in  nervous  and  hysterical  patients,  or 

the  opposite  condition  of  anesthesia  and  niuscular  spasms,  contractions 

And  rigidity.     These  phenomena  are  not  frequent,  but  in  rare  instances 

"*^y  have  been  observed ;  muscular  spasm,  where  it  already  exists,  may 

^  ^g^a^vated  tf^mporarily  by  elccuicity, 

^Jf^^ne  of  Poiients  after  the  Applications.— Vd,\X^nl^  who  are  strong, 

^  ^^^    treated  for  purely  local  troubles,  may  be  entirely  indifferent  in 

J^^^o  t<:>  their  behavior  after  electrical  applications  ;  they  may  exercise 

^    muscle,  or  remain  idle,  as  may  be  convenient,  and  the  improve- 

c|it  ixr^j^f  t|)e  treatment  will   go  on  just   the  same*     But  delicate 

•tient^,    who  are  treated  for  grave  conditions  of  debility,  and  especially 

Jiuies^     do  better  to  avoid  exertion  after  an  apphcation  ;  better  for  them 

*  ^  ^-^^^hile,  or  rest  on  a  lounge,  and  if  they  are  treated  in  bed  to 

Inhere  ;  and  this,  we  believe,  is  anotlier  advantage  in  treating  such 

*«e&  jvi.^t  after  retiring. 

U  iTi^  fancy  they  take  cold  as  a  result  of  an  application,  it  is  a  pure 

^^\  ^^c  it  is  the  nervous  dnll  that  sometimes  follows  over-electrization, 

'  *^    the  result  of  exposure  in  a  cold  room  while  undressing. 

^^UJathfi  action  of  Electricity. — ^It  sometimes  happens  in  the  treat- 

^^^     Of  a  painful  and  tender  nerve,  that  a  sudden  shock  is  felt,  after 

I  *^ctrodes  have  been  a  long  time  in  position,  even  when  the  current 

^Tr"  tnildand  is  scarcely  felt  on  the  surface, 

•Medical  friend,  who  by  our  suggestion  treated  a  case  of  ulcer  of 

^^tomach    by  the  galvanic  current^  informed  us  that  a   very  mild 

^mfrom  a  few  z\nc  carbon  cells,  which  gave  no  burning  sensation 

^  ^  *>e  surface  whatever,  would,  after  the  electrodes  had  been  kept  in 

^ioij  a  few  minutes,  one  on  the  epigastric,  and  the  other  on  the 

'*^i  cause  all  of  a  sudden  and  without  any  warning  a  painful  shock, 

though   a   strong  current   had    been   suddenly  intemipted   in    the 

IV    ^iii^  pjLit  of  the  circuit*     This  phenomenon  occurred  so  often  thai 

1  w^  ^baudoned  the  treatment. 
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We  have  occasionally  made  the  same  observation  on  other  parts  of  the 
body.  Thus,  in  a  case  of  sciatica  that  we  were  treating  by  the  galvanic 
current — one  pole  on  the  course  of  the  nerve  below  the  trochaaier, 
and  the  other  on  the  back — only  a  very  sliglit  sensation  was  felt  for 
two  or  three  minutes,  when  all  at  once  the  patient  gave  a  jump  as 
though  shocked  hy  a  powerful  current.  A  number  of  times  during  the 
ieance  the  experiment  was  repeated.  Every  pains  was  taken  to  avoid 
error  by  assuring  ourselves  that  the  current  was  actually  running  all  the 
lime,  and  that  there  was  no  actual  interruption. 

This  cumulative  action,  if  wc  may  call  it  such — would  seem  to  be 
somewhat  analogous  to  the  cumulative  action  of  strychnine  and  some 
other  remedies.  The  rationale  of  it  is  in  the  present  state  of  our 
knowledge  hard  to  determine.  It  may  be  that  as  the  skin  becomes 
more  and  more  moistened,  its  conductivity  so  increases  diat  a  portion 
of  the  nerve  is  traversed  by  the  current  which  at  first  was  not  toudied, 
and  that  this  physical  explanation  is  sufficient.  It  may  be  that  the 
nerve,  already  in  an  irritable  condition,  may  have  its  irritability  so 
greatly  iucreasedi  that  it  develops  it  suddenly  under  continued  though 
mild  stimulation*  We  have,  as  yet,  no  evidence  diat  such  shocks  are 
specially  harmful,  although  they  are  unpleasant  and  startling.  They 
can  be  avoided  as  a  rule  by  shifting  the  electrodes  every  moment,  so 
as  to  avoid  a  long  irritation  of  any  one  spot. 

Increased  Toleration  of  EUctricity^ — The  system  can  become 
habituated  to  electricity  just  as  it  becomes  habituated  to  alcohol,  or 
opium,  or  any  other  potent  remedy.  Mter  a  long  course  of  treat- 
ment, extending  over  several  months,  nearly  all  patients  bear  very 
much  longer  and  stronger  applications  than  at  first.  This  is  observed 
in  those  whose  sensitiveness  to  electricity  is  at  first  extreme.  It  is 
not  therefore  necessarily  a  discouraging  fact  if  at  the  outset  of  a 
course  of  treatment  very  gentle  currents  and  very  short  sittings  are 
required. 

The  Temperament^  as  well  as  the  Disease^  to  ie  considered  in  using 
Electricity, — ^There  are  individuals  whom  electricity  always  injures,  the 
only  difference  in  the  effect  on  them  between  a  mild  and  a  severe 
application  being,  that  the  former  injures  less  than  the  latter.  There 
are  patients  upon  whom  all  electro-therapeutical  skill  and  experience 
are  wasted ;  their  temperaments  are  not  en  rapport  with  electricity. 

It  matters  not  what  may  be  the  special  disease  or  symptoms  of 
disease  from  which  they  suffer^paralysis,  or  neuralgia,  or  neurasthenia, 
or  hysteria,  or  affections  of  special  organs — the  immediate  and  tlie  per- 
manent effects  of  galvanization  or  *  farad izatinn,  general  or  localixedi 
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atc  ^  viland  only  evil  We  have  not  arrived  at  this  opinion  by  theorizing ; 
wcH^SLve  been  driven  to  it  by  the  accumulating  and  inesistible  logic 

I i)f  (averts,  The  first  query  that  arises,  in  the  mind  of  the  electro-thera- 
yeutist,  when  a  case  under  his  care  responds  badly,  is,  *'  Am  I  rightly 
um^  this  remedy  I  am  I  making  the  application  too  long  or  too 
severe,  or  by  improper  methods  ?  Would  a  change  of  current  be  de- 
wable?**  But  after  we  have  tried  all  electrical  applications  ;  after  we 
*>ave  gone  from  galvanism  to  farad  ism,  from  general  to  local  ixed  elec- 
Inzation,  from  long  and  severe  to  short  and  gentle  treatments  j  after  we 
have   rung  the  changes  on  all   these,  and  yet    persistently  aggravate 

t lather  than  mollify  the  disease,  and  instead  of  strength  and  relief,  pro- 
duce weakness  and  distress,  and  instead  of  calmness  cause  irritation, — 
tben  We  have  only  to  make  as  graceful  a  retreat  as  possible,  and  put 
^^  patient  down  as  a  case  that  was  not  born  to  be  treated  by  elec- 
tricity.      Wc  have  no  explanation  to  offer  of  the  phenojuenon ;  and  the 
popular  belief  or  supposition,  that  the  excess  or  deficiency  of  animal 
electricity  has  something  to  do  with  thtfse  matters,  is  as  undemonstrable 
^  It  IS  plausible ;  he  who  should  attempt  to  prove  or  disprove  it  would 
W^^  '^^  had  undertaken  anything  but  an  easy  task.     It  would  seem  to 
■*<^*^€  in  the  list  of  those  strange  but  familiar  likes  and  dislikes  in  regard 
to  certain  articles  of  food  or  drink,  or  of  certain  sights  or  odors.     We 
know  of  no  physiognomical  or  rather  external  appearances  by  which 
to  ^eiermine  whether  a  patient  does  or  does  not  belong  to  the  unfor- 
tunate f^^  ^i^Q  c^^Q  ^a^ve  no  lot  or  share  in  electrotherapeutics.     The 
strongest  equally  with  the  weakest,  the  plethoric  and  the  enervated, 
are  *ouu^  among  these  Gentiles  of  science. 

•  ne    reverse  proposition,   that   there   are  certain    constitutions  for 

,  ^^   '  by  whatever  form  of  chronic  disease  they  may  be  afflicted,  elec* 

|tr^c:^ty  is  always  indicated,  is  equally  true.     There  are  patients  who 

1 6^^  \n  electrical  treatment  almost  a  specific.     Whether  they  suffer  from 

AyH^psia  or  neurasthenia,  from  hysteria  or  diseases  of  special  organs, 

fh^^imatism  or  neuralgia,  electrization  always  relieves  thejn   up  to  a 

c*^^in  point,  at  least,  if  it  does  not  positively  cure.     T/t^  broad  fact  to 

y  understood  is,  ^hat  it  is  not  so  much  the  disease  or  the  symptoms^  as 

if*^  temper amefft  that  indicates  or  contraindicates  electrization. 

^Vhile  some  chronic  diseases  are  more  amenable  to  electricity  than 

c^tbers,  among  all  patients  there  are  individuals  to  whom  it  is  a  matter 

id  indifference  what  special  affection  they  may  suffer  from  ;  so  long  as 

improvement  in  local  and  general  nutrition  is  indicated,  they  will  be 

'  bet»<^6ted  by  electrical  treatment. 

To  all  this  it  should  be  added  that  some  persons  are  indifferent  tc 
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electricity — they  can  bear  almost  any  strength  of  either  current  reiy 
frequently  and  for  long  applications,  witliout  experiencing  any  ctfect 
either  good  or  evil.     Electricity  may  be  poured  over  them  in  liiuitlcs^ 
measures ;  they  may  be  saturated  with  it,  and  they  may  come  out  fron^ 
die  applications  not  a  whit  better  or  worse.     Patients  who  are  qmi^ 
delicate  and  sensitive  exhibit  this  supreme  and  provoking  indifercnc^ 
to  cleclricity.     We  are  inclined  to  believe  also  that  patients  vary  tx* 
fAeir  susceptibtlity  to  electrkify  at  different  times  of  life,     Susccprilnlity 
tn  stimulants  and  narcotics  oftentimes  undergoes  strange  modificatiom^ 
during  the  lifetime  of  an  individual     Those  who  at  one  time  canno* 
drink  coffee,  sometimes  find  that  a  few  years  so  modify  the  rempcr»'^ — 
ment  that  they  can  drink  it   with  absolute  freedom,  and  viee  vm^< 
Similarly,  also,  alcoholic  liquors  act  in  a  most  capricious  way,  some- 
limes  benefiting,  at  other  times  injuring  even  when  nearly  all  the  other  J 
conditions  except  age  are  the  same.     Idiosyncrasies  in  regard  to  cer' 
tain  articles  of  food  arc  by  no  means  constant  through  life — thej*  ma^ 
change  either  way,  and  that  too  in  the  course  of  a  few  years;  thf^ 
may  be  modified  by  febrile  or  other  diseases  that   revolutionise  Ih-^^ 
system,  or  by  residence  in  various  climates,  or  by  mere  lapse  of  y 
Analogy  would  lead  us  to  suppose  that  susceptibility  to  electricity  migt» 
also  be  thus  modifiedi  and  our  observations  seem  to  convince  u^  that 
such  is  the  case.  1 

We  are  further  inclined  to  believe  that  susceptibility  to  elecmcit>r^^ 
favorable  and  unfavorable,  like  all  other  constitutional  tendencies, « 
subject  to  the  laws  of  hereditary  descent,  and  runs  in  families.  W* 
have  treated  by  electricity  three  members  of  the  family  of  a  physidar^^ 
who  are  afflicted  with  quite  diverse  maladies,  but  al!  of  whom  not  onl 
improved  under  the  treatment,  but  can  be  electrized  wnth  great  frcedoc^ 
by  either  current ;  and  yet  none  of  them  are  strong,  and  two  of  thcr^ 
are  delicate* 

On  the  other  hand,  we  have  treated  families  where  several  of  ti*^ 
members  are  so  susceptible  to  the  electric  current  that  the  applicatio  ^ 
must  be  made  with  great  care  lest  unpleasant  results  occur.     We  are  fiiU  ^ 
convinced  also  that  the  proi>ortion  of  those  who  do  not  bear  electricity 
well   is  larger  among  the  higher  tlian   among   the  lower  classes; 
hospital  and  dispensary  practice,  the  number  of  patients  who  cxhibi* 
excessive  susceptibility  to  the  electric  treatment  is  quite  limited,  whereat 
in  private  practice,  among  the   intellectual  classes,  one  out  of  five  of 
ten,  take  the  cases  as  they  nm,  must  be  treated  with  very  considerable 
caution,  lest  disagreeable  symptoms  arise. 

Relation  of  Elect?  -^susceptivity  to  Prognosis. — Between  electro-suscep 
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Hfrty  and  prognosis  there  would  appear  to  be  no  constant  relation.  One 
patient  may  be  extremely  susceptible  to  electricity,  and  another  capable 
nf  bearing  it  in  large  doses,  and  both  shall  be  benefited.  If  there  be 
any  law  in  the  matter  it  is  this,  that  those  who  occupy  the  medium 
ground,  who  are  neither  specially  sensitive  nor  the  reverse — offer  tht 
best  prognosis  under  electrical  treatment.  It  is  equally  sure,  however, 
that  those  who  are  exceedingly  sensitive  may  become  so  tolerant  of 
the  remedy  as  to  derive  great  benefit  from  it  For  this  reason  we 
should  not  be  discouraged,  even  by  extreme  electro  sensibility  or 
tlectro  susceptibility  in  our  patients. 

The  most  provoking  class  are  those  who  cannot  be  influenced  in  any 
way  by  electricity,  but  who  can  even  from  the  very  first  receive  it 
in  enormous  doses  without  showing  or  feeling  any  gCK)d  or  evil  effect, 
and  yet  even  such  cases  may  by  protracted  treatment  be  benefited. 

Regard  for  Age, — In  the  apiJortioning  of  the  dose  of  electricity  the 
Only  general  rule  to  be  considered  is,  that  the  extremes  of  life — the 
Very  young  and  the  very  old — demand  rather  more  caution  than  those 
in  youth  and  middle  life.  It  is  not  however  necessary  to  divide  the 
^oses  of  electricity  for  infants  and  children,  as  we  divide  the  doses  of 
c>rdinary  medicines ;  children  from  three  years  douTi  to  three  months 
^nd  even  younger  may  be  treated  by  general  faradization  and  central 
galvanization  almost  as  freely  as  adults.  On  theoretical  considerations, 
^nd  in  order  to  be  on  the  safe  side,  we  do  not  usually  treat  very  yonng 
crhildren  as  long^  or  with  as  strong  currents  as  adults,  nor  quite  so 
frequently,  but  we  have  not  often  seem  any  especially  bad  results  from 
^uite  prolonged  applications,  provided  mild  currents  are  used.  The 
vule  is  to  give  the  average  baby  about  half  as  nmch  treatment  as  the 
^average  adult.  Children  crj^  when  the  current  hurts  them,  and  this  to 
"^hc  merci^ful  physician  operates  as  a  check  against  over-dosing  them. 

Very  old  patients  —  between  seventy  and  ninety  — need  to  be 
treated  with  reasonable,  but  not  extreme  cant  ion.  The  moderately 
aged — between  fifty  and  seventy — often  bear  electricity  better  than 
those  in  the  more  active  period — between  twenty  and  fifty. 

Regard  far  Sex, — As  a  rule  females  are  somewhat  more  susceptible  to 

electricity  than  males,  and  require  to  be  treated  with  greater  caution  ;  not 

*hat  there  is  any  difference  of  susceptibility  of  the  sexes,  but  because  in 

t^iyilization  woman  is  more  delicate  than  man,  and  more  readily  influenced 

^Or   good  or   evil,   by  all  remedies   and   systems  of  treatment.     But 

Although  the  law  that  woman  is  more  impressible  than  man  holds  well 

^n    the  average,  yet   the   individual   exceptions  are  very   numerous* 

S^Mne  women^^-even  those  who  are  exquisitely  delicate — can  bear  enor- 
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inoiis  doses  of  electricity,  while  some  men  who  are  very  hardy  can  beai 
none  at  all.  The  rule  however,  is  constant  enough  to  nuke  it 
advisable  always  to  begin  the  treatment  of  delicate  females  with  con- 
siderable caution* 

The  higher  susceptibility  of  women  to  electrical  influence,  roikes 
them  yield  more  rapidly  than  men  to  the  treatment,  when  it  suits  tb^ 
temperament  and  disease,  and  hence  it  is  that  many  of  the  most  dclightiijJ 
results  of  general  faradization  and  central  galvanization,  have  beet* 
obtained  in  neurasthenic,  anemic,  hysterical  women. 

The  menstrual  period  in  women  does  not  contraindicate  electna^ 
treatment  at  all,  but  on  considerations  of  delicacy  the  operations  of 
general  faradiiatioii  and  central  galvanization  cannot  well  be  performed! 
at  that  time.  Local  applications  to  the  periphery  can  be  made  without 
regard  to  the  menses. 

Regard  for  the  Mtthad  of  Application  and  tlie  Skiil  of  the  Ekdr^^ 
therapeutist. — It  is  not  electricity  in  the  abstract,  but  electrization ^—i\\^^ 
is,  electricity  applied  to  the  body — that  cures  disease.     Ever)*thing,  thci^' 
fore,  depends  on  the  method  of  application.     Patients  frequently  say  ih** 
they  have  *' tried  electricity"  and  it  did  no  good,     We  have  long  sinc^ 
ceased  to  pay  any  heed  to  such  statements,  or  to  allow  them  to  in^ti- 
ence  our  prognosis,  unless  it  is  expressly  stated  who  gave  the  electrir^ 
treatnient,  what  methods  were  employed,  and  how  faithfully  the  irci-t-" 
menl  was  caiTied  ouL     Some  of  the  best  successes  we  have  are  gained 
with   patients   who   have    "tried  electncity"    and  found  it  wanting* 
WTiat  should  we   think  of  a  patient  afflicted  with  a  broken  leg  wa^^ 
should  say  that  he  had  "tried  surgery,"  and  it  had  failed  to  &et  tb^^ 
bone  ?   Would  we  not  ask,  "  What  surgeon  ?    Was  he  a  pretender,  or  ^ 
man  of  science?  And  did  he  have  a  fair  chance?"  It  is  ijossible,  evc^* 
if  good  treatment  at  the  hands  of  good  men  failed  some  time  ago,  th^-*- 
the  conditions  may  now  be  so  altered  that  the  same  or  different  ifd^'* 
ment  will  be  successful 

It  is  not  the  remedy,  it  is  the  manner  of  using  it  that  determines  i1 
value.  There  is  as  much  difference  in  electro-therapeutists  zs  there 
in  general  surgeons,  ophthalmolologists,  or  aurists,  or  gynecologists,  ^ 
obstetricians.  In  the  ranks  of  those  who  use  batteries  arc  all  grade 
of  genius,  and  lack  of  genius,  especially  the  latter.  In  e1ectro-ther»^ 
peuiics  two  currents  are  used,  and  six  different  methods  of  application* 
and  these  methods  are  all  capable  of  indefinite  variations,  dei)e!idcD^ 
on  the  taste,  skill  or  experience  of  the  electro-therapeutisL  When  one 
mode  of  application  fails^  another  may  succeed ;  when  one  electro* 
therapeutist  fails  with  any  mode  of  applicatioHi  another  with  the  same 
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mode  of  application  may  succeed*  And  yet,  patients  with  some 
obscure  disease,  that  requires  the  best  diagnostic  as  weli  as  therapeutic 
ikill,  who  have  had,  perhaps,  half  a  dozen  ai>pUcatJons  of  the  magneto- 
electric  or  rotary  machines,  at  the  hands  of  some  stupid  servant-girl, 
declare  that  they  have  "tried  electricity."  As  well  might  a  sailor 
whose  broken  bone  had  been  badly  set  at  sea  by  a  comrade  before  the 
mast,  declare  that  he  had  **  tried  surgery/' 

^^  Dtffer^ntial  Prognosis  of  Accidcfiial  and  Hereditary  Uisease^ 

^nder  EUcirieal  Treatment — The  prognosis  of  any  case  under  electrical 

''^atiiient  depends  more  on  the  time  that  the  disease  has  been  existing 

tnai)  on  the  nature  of  the  disease  itself.     Very  grave  and  severe  symp- 

'Otiis  of  the  most  threatening  character  yield  promptly,  when  they  are 

^^^cnt^  and,  so  to  speak,  accidental^  while  mild  and  nameless  symptoms, 

^•^l  appear  to  be  of  the  most  trifling  character,  when  long  standing,  and 

especially  when  they  are  inherited,  may  be  exceedingly  obstinate.     It 

■*^comes  therefore  of  the  first  importance  to  inquire  how  long  the  mor- 

■<a  symptoms,  or  other  symptoms  allied  to  ihein,  have  been  existing  in 


patient,  before  making  a  prognosis.     This  principle  applies  to  all 
^ases  for  which  electricity  is  employed.     It  is  illustrated  in  a  most 
^tcresting  manner  in  hysteria  and  allied  affections.     If  two  cases  pre- 
^"^nt  thcraseives,  both  suffering  from  symptoms  of  hysteria  and  neuras- 
*^enia,  but  in  one  case  the  symptoms  are  a  life-long  heritage,  while  in 
^e  other    they  have  arisen  recently,  and,  so  to  speak,  accidentally, 
^e  prognosis  in  the  latter  case  is^  other  conditions  being  the  same,  con- 
^^^quently  more  favorable.     Even  if  the  symptonis  in  the  recent  case  be 
"^f  a  severer  type,  the  prognosis  may  be  much  better  than  in  the  inher- 
ited case.     On  this  account  it  becomes  necessary  to  inquire  with  dili- 
"^ence,  and  repeatedly,  of  the  patients  and  of  their  friends,  in  order  to 
3see  whether  any  allied  symptoms  have  been  their  portion  through  life, 
mnd  whether  die  special  disturbances  for  which  they  require  treatment 
are  simply  branches  of  a  great  tree  of  disease  that  has  grown  up  in  them 
from  the  moment  of  their  inception. 

When,  for  example,  a  patient  appears  with  sciatica,  or  tic-douloureux, 

»t  15  not  enough  to  learn  how  long  that  particular  symptom  has  dis 

Pressed  him  in  the  present  attack.     The  questions  to  be  asked  are  j 

Has   he  ever  at  any  period  of  his  life  had  this  or  any  other  form  of 

•  'leuralgia  ?   Is  he  of  the  nervous  diathesis  ?     Have  his  parents  or  any 

^f  his  near  relations  suffered  from  neoralgia,  or  from  any  disease^  or 

Symptomi  of  disease  that  are  allied  to  it  ?     On  the  answers  given  to  these 

'^iucries  will  depend  our  probable  prognosis,  not  only  as  to  the  rapidity 

tH  relief  under  electrical  treatment,  but  also  as  to  its  fermanen<y. 
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Inherited  diseases  are  inclined  to  relapse  :  the  symplom  rair  gn^ 
way,  apparently,  before  the  force  of  treatnient,  but  may  reappear  ** 
easily  as  it  disappeared,  even  while  the  treatment  is  continued. 

After- Effects  of  Ekctrkal  Treatment. ^\K  is  a  fact  well  recogniied 
that  the  tonic  effects  of  a  trip  to  Europe,  or  to  the  mountains^  or  of 
a  short  vacation  anywhere,  or  at  any  season,  are  frequently  but  little 
appreciated  while  the  patient  is  travelling  or  recreating ;  but  ippc^* 
days,  weeks,  and  months  subsequently.    A  debilitated  man  may  receive 
no  strength  while  on  the  ocean,  or  at  the  hotel,  or  farm-house  b  tl^^ 
country,  may,  indeedt  seem  to  grow  weaker  instead  of  stronger*  a»" 
may  become  disheartened  thereby,  but  on  his  return  to  his  duties,  heal 
may  gradually,  perhaps  imperceptibly,  come  to  him,  and  he  may  cx|)cr^ 
cnce  a  renovation  and  a  recuperation  that  can  only  be  explained  as  tt^ 
after  effects  of  his  vacation. 

It  is,  perhaps,  not  so  well  recognized  that  tonic  remedies,  and  sysl 
of  treatment  of  various  kinds,  may  act  just  in  the  same  way.     Not  onl^^ 
the  evil  but  the  good  effects  of  medicines  may  be  cumulative*    We  m^J^ 
see  this  principle  illustrated  in  the  administration  of  quinine,  strychaim 
arsenic,  phosphorus,  and  iron. 

Electricity  obeys  the  same  law,  and  in  certain  constitutions,  andc^r** 
tain  stales  of  the  system,  especially  those  of  debility^  it  does  little   *3 

nothing  that  the  patient  can  see  or  feel  during  the  treatment  itscH 

but  prepares  the  way  for  a  perfect  and  permanent  recover)'.     VV^e  ha^^' 
seen  this  principle  illustrated  in  a  large  variety  of  cases  of  chronic d-** 
ease.     The  practical  lesson  that  we  are  to  derive  from  this  is  to  er 
courage  patients  who  do  not  feel  fully  satisfied  with  the  progress  th*^ 
they  make  while  under  treatment,  to  watch  closely,  if  possible,  tb^ 
career  long  after  treatment  is  abandoned. 

Electrization  in  its  Relations  to  other  Forms  of  Treatment. — The  qu^^ 
tion,  so  often  asked,  whether  electrical  treatment  will  interfere  w"» 
internal  medication,  or  with  gymnastics,  the  Russian,  Turkish  or  oil* 
baths,  and  so  forth,  is  very  easily  answered.  It  harmonizes  with  allvK!^ 
tonic  remedies,  and  methods  of  treatment  that  are  employed  for  t 
common  purpose  of  relieving  pain,  or  building  up  broken -dowm  coni^ 
tuttons. 

Except  m  cases  where  we  wish  to  experiment  and  learn  the  tlierapcr 
tical  value  of  electricity  by  itself  alone,  uncomplicated  with   ot^t 
healing  factors,  it  is  a  positive  advantage  oftentimes  to  employ,  at  il" 
same  time  with  electricity,  external  or  internal  medication  of  vario*^^ 
kinds.     So  far  as  we  now  know  there  is  no  medicine  that  is  incot*^ 
patible  with  electricity.     There  is  no  evidence  that  any  remedy  has  w»/ 
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ipecific  reenfordng  effect  upon  electricity,  such^  for  example,  ascertain 
stimulants  have  on  hydrate  of  chloral*  Some  of  the  best  therapeutical 
results  arc  obtained  from  a  combination  of  electrical  with  other 
treatment 

Qpt  ih€  Use  of  Electricity  by  the  Laity. — Even  at  this  advanced  stage 
of  electro-therapeutics,  it  seems  to  be  necessary  to  constantly  warn  the 
profession  against  indiscriminately  intrusting  the  details  of  electrical 
a^pplications  to  the  nurses,  friends  of  patients,  and  the  patients  them- 
selves. Having  just  rescued  this  department  from  the  hands  of  the 
la^itVy  and  given  it  a  position  among  men  of  science,  it  seems  strange 
^^at  those  physicians  who  are  familiar  with  the  subject  should  even  now 
iJi.se  their  influence  to  return  it  to  the  people  at  whose  hands  it  for* 
m:xierly  suffered  so  much;  to  restore  it  to  the  captivity  of  prejudice  anr^ 
m^norance. 

The  temptation  on  the  part  of  the  people  to  use  electricity  them. 
^telves,  and  on  the  part  of  the  profession  to  allow  thera  to  do  so,  is  very 
strong.     The  majority  of  physicians  know  little  more  of  electro-thera- 
peutics than  their  patients.    Some  have  a  theoretical,  but  not  a  practical 
^.cquaintance  with  it     Then  there  are  those  who  are  well  practised  in 
^he  art,  but  are  too  closely  occupied  to  employ  it.     They  have  no  ap- 
paratus, or  if  they  have  any  it  is  very  likely  out  of  order*      Perhaps  no 
specialist  is  accessible,  or  the  patient  is^  or  is  supposed  to  be,  too  poor 
to  employ  one.     The  physician,  forgetting  that  it  is  not  electricity,  but 
electrization  that  cures  disease,  forgetting  that  there  are  two  kinds  of 
electricity  in  common  use,  and  six  different  methods  of  application, 
every  one  of  which  is  capable  of  various  modifications,  forgetting  that 
there  are  certain  temperaments  that  will  not  bear  electricity,  however 
applied,  and  that  there  are  others  who  must  be  treated  at  first  with 
great  skill  and  caution,  and  on  whom  the  currents  and  methods  em- 
ployed  must  be  studiously  varied  during  a  course  of   treatment,  in 
short,  forgetting  that  electro- therapeutics,  considered  as  a  science  or  an 
art,  is  wonderfully  complex  and  exacting,  orders  the  patient  to  ^^  get  a 
^aiftry  and  try  electricity.^' 

This  prescription  is  usually  carried  out  in  the  following  manner  :  An 
old  magnetO'electric  machine  (rotary)  is  trumped  up  from  some  neigh- 
bor's garret,  where,  after  having  failed  to  cure  any  member  of  the  family, 
^t  has  been  rusting  for  years.  If  the  patient  be  wealthy,  perhaps  a  new 
faradic  machine  is  ordered,  that  gives  a  harsh,  rough  current,  and  when 
applied,  drives  the  patient  to  despair.  The  friends  of  the  patient  are 
t>ored  with  the  request  of  the  patient  to  apply  electricity,  and  only  hall 
^%o  their  duty  ;  consequently  the  patient  tries  to  make  the  application 
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to  himself^  and,  of  necessity,  makes  awkward  work.  Pretty  soon  tlu 
metals  become  corroded,  and  the  current  ceases  to  flow,  and  the  batteiy 
is  soon  consigned  to  the  closet  or  garret,  where  it  will  do  no  hann, 
and  probably  as  much  good  as  in  the  hands  of  the  patient. 

This  picture  is  not  drawn  from  fancy ;  it  is  a  picture  of  genuine  and 
fiequent  experience. 

Abbreviations  used  in  Electr<hTherapeuiics, — It  is  a  decided  con- 
venience and  saves  much  time  in  recording  cases,  in  giving  pnvate 
instruction,  in  public  lecturing,  and  in  conversation,  to  describe  elec- 
trical applications  by  abbreviations.  About  a  year  since  wede^'ised 
the  following  abbreviations,  which  have  been  used  with  satisfactioo  in 
giving  private  instruction  and  in  conversation  with  our  assistants  and 
others  who  are  familiar  with  it,  and  in  records  of  cases  from  day  to  di.|* 
We  do  not  adopt  it  in  the  present  treatise,  for  the  reason  that  it  i&  nA 
yet  widely  known,  and  might  perplex  and  bewilder  die  reader : 

L.  F.     Localized  faradization. 

L.  G.  **        galvanization. 

G.  F.     General  faradization. 

C.  G.     Central  galvanization. 

G.  B.     Galvanization  of  the  brain. 

G.  C.  S.  "  "       sympathetic 

G.  S.  "  "       spine. 

E.     Electrolysis. 

G.  C.     Galvano-cautery. 


CHAPTER  IV, 


COMPARATtVE  VALUE   OF  THE   GALVANIC  AND    FARADIC   CURRENTS. 


Much  of  the  confusion  that  exists  concerning  the  differential  indie a^ 
^^ons  for  the  use  of  the  galvanic  and  faradic  currents  arises  from  an  iin- 
Ifc-^crfect  or  erroneous  or  exaggerated  conception  of  the  distinction  in 
"^^lieir  physical  and  physiological  effects*  The  general  belief  orsupposi- 
'^^ion  i%  that  there  Is  between  them  a  radical  and  important  difference 
"*.  Ti  kind^  as  though  they  were  two  different  agents  or  forces. 

We  can  most  intelligently  compare  the  therapeutical  effects  of  the  two 
^Currents,  if  we  first  compare  their  physical  characteristics  and  their  phy- 
siological effects. 

By  referring  to  the  section  on  electro- physics,  it  will  be  seen  that  both 

currents — faradic  and  galvanic — are  capable  of  producing  chemical  de* 

-composition,  of  deflecting  the  needle  of  the  galvanometer,  of  producing 

sparks,  and  of  being  changed  into  heat.      Generally  speaking,   these 

effects  are  produced  more  powerfully  by  the  galvanic  current ;  b\it  in 

Oramme's  machines  we  shall  see  that  magneto- electricity  is  capable  of 

producing  great  heat  and  of  electroplating  on  an  enormous  scale. 

Both  currents  are  obedient  to  the  law  of  Ohm,  with  this  qyalificatioUt 
that  the  faradic  current  must  be  regarded  as  having  passed  through  a 
great  resistance, 

Faradic  and  galvanic  electricity  are  therefore  the  same  force — elec- 
tricity, only  each  variety  is  modified  by  the  nature  of  the  substanct 
^ftrough  which  it  circulates,  as  well  as  the  manner  of  its  production. 

Light  is  light,  whether  its  waves  are  shorter  or  longer,  and  in  spite  of 
''^terferencc  and  polarization,  and  whatever  may  be  the  color  that  it  ex-x 
^i  tcs  in  the  retina  ;  sound  is  sounds  whether  its  undulations  move  slowly 
^f  rapidly.  So  electricity  is  electricity,  however  generated  or  however 
^*\odified  by  the  medium  through  which  it  moves;  and  all  forms  of  it, 
*>^agnetism,  as  well  as  franklinism,  galvanism,  and  the  many  varieties  of 
^^radism,  are  merely  different  expressions  of  the  one  great  force — elcc 
^^city. 
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t:>Tc  body  as  mainly  cf  degree^ — practically  amounting,  it  is  true,  to  a 
difference  in  kind, — and  that  this  is  the  scientific  basis  for  tlieir  differen- 
lial  employment. 

In    the  form  of  localized  electrization  both  can  produce  muscular 
<ron tractions  in  paralyzed  muscles,  and  relieve  local  neuralgias ;  both 
cr3.usc  absorption  of  abnormal  secretions  j  and  both  can  directly  aflect 
tilie   brain,  spinal  cord,  sympathetic,  and  all   the  internal  organs,  pro- 
ducing, in  different  degrees,  the  various  therapeutic  results  that  directly 
2i.nd  indirectly  flow  from  electrical  excitation   of  these  parts.     In  the 
£omi  of  general  electrization  both  currents,  besides  producing  most  of 
t:he  other  results  of  locaUzed  electrization,  act  as  powerfully  stimulating 
tonics,  and  thus  form  most  efficient  aids  in  the  relief  and  cure  of  nerv- 
ous exhaustion,  nervous  dyspepsia,  constitutional  neuralgia,  and  of  a 
"ipride  range  of  nervous  diseases  associated  with  or  dependent  on  general 
ciebility. 

In  electrO'Surgery  both  currents  avail  to  discuss  tumors,  heal  ulcers, 
sind  hasten  absorption,  although  for  these  purposes  the  galvanic  is 
'incomparably  the  more  effective. 

And  yet  the  difference  in  degree  between  die  effects  of  the  two  cur* 

m-ents  is  so  marked  and  so  clearly  demonstrable,  as  to  be  practically 

^jquivalent  in  certain  instances  to  a  difference  in  kind,  and  to  give  very 

important  and  remarkable  advantages  to  one  current  or  the  other,  ac* 

wording  to  the  indications  required* 

The  advantages  of  the  galvanic  over  the  faradic  are  :— 

f.   A  greater  power  of  overcoming  resistance^     It  therefore  affects  the 

^fain,  spinal  cord,  and  sym[)athetic  more  powerfully  than  the  faradic, 

^'Hce    the  anatomical   position  of  these  parts  is  such  that  considerable 

''^sistance  mi^t  be  overcome  in  order  to  directly  affect  them.     For  the 

*^me  reason  it  is  usually  to  be  preferred  when  it  is  desired  to  affect  the 

^liddle  and  internal  ear,  the  retina,  and  the  muscles  of  the  eye. 

1,  A  power  of  producing  muscutar  contractions  in  cases  where  the 
.faradic  fails.  This  peculiarity  of  the  galvanic  current  has  now  been 
Observed  so  frequently,  and  in  such  striking  instances,  that  it  has  be- 
^ottie  an  accepted  fact  of  electro-therapeutical  science.  Illustrative 
Examples  will  be  given  in  the  section  on  paralysis.  After  a  certain 
Amount  of  treatment  by  the  galvanic  current  the  paralyzed  muscles 
frequently  res  ime  their  susceptibility  to  the  faradic. 

3.  A  far  more  potent  ekctratonic^   electrolytic^   and  thermic  actimu 

*The    chemical  power  of  the  galvanic  current  is  most  markedly  seen 

when  used  for  the  puqxjses  of  galvano-cauterj-  or  electrolysis.     The 

superior  efficacy  of  the    galvanic    current  to    the  faradic,  so  oftec 
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observed  in  the  treatment  of  neuralgia,  of  atrophied  muscles,  rheuma- 
tism, is  probably  due  to  its  greater  "  catalytic  **  action.  It  probably 
induces  more  rapid  and  more  important  molecular  and  other  changes  in 
the  tissues.  This  superiority  of  the  galvanic  current  is  supposed  to  be 
due  to  its  more  coniinuous  duration  ;  it  moves  constantly  in  one  direc- 
tiotty  and  thus  produces  more  powerful  electrolytic  effects  than  the  f«- 
radic  current  with  its  rapid  interniptions  can  possibly  produce. 
The  advantages  of  the  faradic  over  the  galvanic  current  are  these  : — 

1.  By  virtue  of  its  frequent  interruptions  it  mare  easily  pr&dueef 
muscular  contractions  when  passed  over  the  muscles  or  the  nerves  that 
supply  them.  In  order  to  produce  full  muscular  contractions  with  a  gal- 
vanic current  of  moderate  strength  it  is  necessary  to  internipt  the  cur 
rent,  and,  unless  it  is  quite  powerful,  to  localise  at  least  one  of  the 
electrodes  over  the  motor  nerve  by  which  the  muscle  is  supplied — that 
is,  over  the  so-called  **  motor  points-''  On  the  contrary,  the  faradic 
cunent  is  in  a  condition  of  rapid  interruption  and  produces  contractions 
when  iodifferenlly  passed  over  the  surface  of  the  muscle,  as  well  as  when 
localized  on  the  main  motor  nerve  that  supplies  it. 

This  advantage  of  the  faradic  current  is  best  appreciated  in  general 
faradization,  the  powerful  tonic  effects  of  which,  as  will  be  seen,  are 
partly  and  quite  largely  due  to  the  passive  exercise  and  consequent 
oxidation  and  other  important  changes  of  tissue  that  result  fixim  the 
several  thousand  muscular  contractions  that  take  place  during  an  ordi- 
nary sitting.  In  localized  electrization  this  advantage  is  not  so  clearly 
and  strongly  marked,  since,  in  this  method,  by  a  proper  knowledge  of 
electro  therapeutical  anatomy  and  sufficient  care,  it  is  possible  to  direct 
one  of  the  electrodes  on  the  "motor  points  ;  "  and  yet  even  here4he 
faradic  current  is  much  more  convenient,  because  its  employment  re* 
quires  no  arrangement  for  intemiption,  and  less  minuteness  of  attention 
to  the  situation  of  the  motor  nerves.  The  exceptional  cases  of  paraly* 
sis,  where  the  muscles  have  lost  their  susceptibility  to  the  faradic  cur- 
rent, do  not  interfere  with  the  general  rule. 

2.  //  produces  greater  mechanical  effects.  These  mechanical  effects 
of  the  faradic  current  are  due  to  its  rapid  interniptions,  which  cause 
contractions  not  only  of  the  muscles,  but  also  of  the  contractile  fibre- 
cells,  thus  stimulating  the  circulation,  and  with  it  the  processes  of 
waste  and  repair  In  this  respect  its  action  is  similar  to  that  of  nib- 
bing, pounding,  movements  and  vibrations.  These  mechanical  effects 
are  especially  indicated  in  the  treatment  of  diseases  of  the  abdominal 
viscera,  which  are  supplied  with  contractile  fibre-cells ;  annestbesia,  anif 
i^eneral  muscular  debility. 
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3'  ^      is  less  likely  to  produce  unpleasant  or  harmful  effects^  when 
iMe'autr^:^:Misly  used,  than  the  galvanic. 

To  ^r^^Dnfinii  this  statement  we  rest  mamly  on  the  evident  results 
oT  ciini  ^i::!^  observation.  We  may  indeed  refer  to  a  number  of  cases  of 
fevere  ^z^onstitutiooal  neuralgia  and  excessive  nervous  exhaustion  where 
(|,e  far^^z^ic  current  invariably  relieved,  and  where  the  galvanic  current 
^s  inva^^*^ably  aggravated,  the  symptoms.  For  this  reason  it  is  better  to 
Ijcgin  t^t^  «  practice  of  electro-lherapcutics  with  the  faradic  currentt  and 
Cor  tho^^^  families  who  desire  a  scicnlific  plaything,  the  faradic  machine 
\%  safer^  than  the  galvanic  apparatus. 
|lo  ^-%1  applications  to  the  head,  neck,  and  spine  especially,  applica- 
ons  «:*€*  the  galvanic  current  can  rarely  be  protracted  without  injury, 
lf\vilcVx>  many  cases  the  spine  and  neck  may  be  faradized  through  very 
[ipTO\0^  Sed  sittings,  with  positive  benefit  to  the  patient.  To  the  head, 
also,  a.  Caradic  current  of  a  proper  quality  may  be  applied  much  longer 
toi  ^  galvanic  current,  before  unpleasant  dizziness  or  headache  is 
cxdteci,  Xhe  belief,  pretty  generally  entertained  in  Europe,  that  the 
feradvcr  current  cannot  be  applied  to  ih^  head  without  injury,  is  to  be 
**^coanicd  for  by  the  fact  that  most  of  the  electric  machines  there  em- 
ployed are  separate  coil  machines,  and  do  not  furnish  a  current  of  suffi 
C'^nt  smoothness  for  faradization  of  the  head.  Most  of  those  who  at- 
tempi  this  method  of  treatment  use  too  small  electrodes,  and  thus  give 
^"^  ciirrent  greater  density  than  the  brain  can  bear.  Galvanization  of  the 
^yc  Or  ear,  or  of  the  cervical  sympathetic,  must  always  be  shorter  than  fara- 
^^tiofi  of  the  same  parts.  These  considerations,  hoiveverj  need  not  inter- 
^^^  with  the  use  of  the  galvanic  current  to  these  parts,  in  all  cases  where 
infers  a  positive  advantage  over  the  faradic.  There  is  no  real  danger 
'^siog  either  current  on  any  patient,  provided  it  be  used  properly, 
^  Consideration  of  some  practical  importance  with  general  practt- 
*^^rs  is^  that  the  faradic  apparatus  is  more  convenient,  more  portable, 
/*  even  the  compactest  galvanic  apparatus  that  has  yet  been  devised. 


It 


'^  impossible,  however,  for  any  practitioner  to  realize  anything  like 
^\\  benefit  of  electrization  without  apparatus  for  the  galvanic  as 


ell 


3«  the  faradic  current. 


^c   general  differential  Indications  for  the  use  of  the  two  airrenta 
I      y  W  thus  summed  up.     The  galvanic  shoidd  be  used— 

^'     To  act  with    special  EtECTROXONIC  AND  ELECTROLYTIC  POWTR  OH 

^^ffin,  spinal  cord^  sympathetic,  or  any  part  of  the  central  or  pertph^ 
""^  Nervous  system. 

**  To  produce  contractions  in  paralysed  musclex  that  fail  to  respong 
*>  ^^  faradic. 
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5*  In  electro-surgery^  to  produce  electrolysis  or  caute*  hathn. 

The  faradic  should  be  used^ — 

1.  To  act  MILDLY  on  the  drain,  spinal  cord^  sympathetic^  or  any  pan 
of  the  central  or  peripheral  nervous  system* 

2.  To  excite  muscular  contractions  wherever  the  muscles  are  not  J# 
much  diseased  as  to  be  unable  to  respond  to  it. 

3.  To  produce  strong  mechanical  effects. 

Both  are  essential  in  electro-diagnosis — the  faradic  especially  for  the 
muscles,  and  the  galvanic  especially  for  the  nervous  system  ;  and  both 
are  adapted  for  general  as  well  as  localized  electrization,  although  in 
general  electrization  the  faradic  current  is  chiefly  used.  It  logically 
follows  from  what  has  been  said  that  very  many — perhaps  the  majority 
-—of  diseases  are  best  treated  not  by  one  current  exclusively,  but  by 
both  cui  rents,  either  in  alternation  or  succession.  Special  indications 
will  be  given  under  the  special  diseases. 

The  two  currents  compared  to  bromide  of  potassium  and  hydrate  of 
ehloraL 

We  arc  accustomed  to  compare  in  a  rough  way  the  differential  action 
of  the  currents  with  the  differential  action  of  bromide  of  potassium  and 
hydrate  of  chloral,  the  faradic  current  being  the  bromide  of  potassium, 
and  the  galvanic  the  hydrate  of  chloral. 

Bromide  of  potaf^sium  is  a  safer  remedy  than  hydrate  of  chloral, 
but  there  are  very  many  cases  where  it  is  powerless,  and  the  hydrate  of 
chloral  acts  as  a  specific ;  so  the  faradic  current  is  safer  than  the  gal- 
vanic, and  therefore  better  adapted  for  general  use,  and,  for  those  who 
use  but  one  current,  fulfils  a  larger  requirement  \  and  yet  there  are 
many  cases  where  it  fails  and  the  more  powerful  galvanic  is  demanded. 
Except  for  the  cases  where  the  galvanic  current  is  clearly  indicated,  it 
is  well  to  begin  with  the  faradic  current,  just  as  we  use  bromide  of 
potassium  before  resorting  to  hydrate  of  chloral - 

A  combination  of  bromide  of  potassium  and  hydrate  of  chloral  is 
frequently  more  effective  in  producing  sleep  and  relieving  pain  than 
either  remedy  when  used  alone  :  similarly  the  combined  or  alternate 
use  of  the  faradic  or  galvanic  currents  will  sometimes  accomplish  much 
more  than  either  current  used  exclusively. 


C ALVANO-  FA  RAD  IZATI  OK. 


In  order  to  secure  the  advantages  of  both  currents,  and  at  th*:  same 
time  to  avoid  the  trouble  and  inconvenience  of  employing  them  in  suc- 
gsion,  or  alternately,  as  is  so  freqyently  necessary,  we  have  c!evi$ed  % 
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lliod  of  using  them  simultaneously.     To  this  method  we  have  given  a 

iie  which  sufficiently  expresses  its  character — galvana-faradizaiion* 

may  be  either  general  or  localized 

The   method    of   general    galvano-faradization    requires   a   double 

ctrode,  with  one  part  for  the  galvanic  and  the  other  for  the  faradic 

trenL    The  copper  plate  may  be  connected  at  one  part  with  the 

it  of  the  faradic,  and  at  another  with  that  of  the  galvanic  apparatus  ; 

tisthe  circuit  is  completed  for  both  currents. 

fa  localized  galvano-faradization  it  is  necessary  to  have  in  use  t>¥o 

iWc    electrodes;  for  this  puq>ose  the  double  excitors  of  Duchenne 

^r    very  well.     By  a  proper  construction  and  adjustment  of  the 

trodes  it  is  possible  to  localize  the  two  currents  veiy  near  to  each 

^*      Whether  any  special  therapeutical  advantage  arises  from  the 

Ita^eous  use  of  the  two  currents,  we  are  unable  to  state. 

t  aJlow  the  above  description  of  galvano*faradization  to  stand  jusl 

ippeared  in  the  first  edition. 

ce  we  have  used  central  galvanization — a  method  to  be  subse- 

Ijr    described — we  have  dispensed  almost  entirely  with  general 

lo-TaxadixatioQ. 


CHAPTER  V, 

THE    rRINCJPLES    OF   ELECTRO-DIAGNOSIS    (ELECTRO-PATHai/jny), 

In  this  chapter  we  shall  speak  only  of  the  principles  on  which 
electricity  is  used  as  a  means  of  diagnosis  in  medicine.  The  details 
and  special  applications  of  these  principles  will  appear  under  the  van- 
ows  diseases. 

A  history  of  the  use  of  electricity  as  a  means  of  diagnosis  would  very 
likely  be  the  history  of  electro-therapeutics  itself.  As  soon  as  men 
began  to  use  the  voltaic  pile  in  the  treatment  of  paralysis  and  kindred 
diseases,  about  the  middle  of  the  last  century,  just  so  soon,  probably, 
they  began  to  test  the  power  of  the  electric  current  to  diagnosticate 
nisease.  We  logically  infer  that  electrization  was  used  as  a  means  of 
diagnosis  much  earlier  than  the  published  treatises  on  the  subject  would 
show,  from  the  fact  that  It  has  been  so  used— in  a  blind  and  empirical 
way,  it  is  true — in  this  country,  for  thirty  or  forty  years.  Mankind, 
always  and  everywhere,  are  superstitious,  credulous,  ready  to  receive 
whatever  approaches  them  with  an  air  of  mystery,  much  more  so  in  the 
last  century  than  in  the  present  ;  and  it  is  certainly  not  unfair  to  sup- 
pose that  the  earlier  experimenters  in  this  department  consulted,  to  a 
greater  or  less  ejttent,  the  diagnostic  or  projihetic  power  of  the  subtle 
agent— electricity.  Their  ex]>eriments,  we  may  suppose,  were  unscien- 
tific and  unsatisfactory.  They  were  probably  neither  based  on  any 
well-defined  principles^  nor  conducted  by  any  intelligible  system.  Ac- 
cordingly, they  secured  very  few  tangible,  or  at  least  communicable,  re- 
sults, and  if  scienti&c  men  had  not  espoused  the  cause  of  electro-thera- 
peutics,  the  phrase  electricity  as  a  means  of  diagnosis,  would  never  have 
been  known.  Nearly  all  that  has  been  accomplished  in  a  scientific 
way,  in  this  department,  is  comparatively  recent ;  though  Marshall  Hall 
earnestly  called  the  professional  attention  to  the  fact  that  Electricity 
might  assist  us  in  differentially  diagivosticating  paralysis  as  far  back  as 
1839.*  Since  that  time  the  subject  has  been  studied  by  nearly  all  the 
prom  nent  workers  in  the  department  of  electro-therapeutics 
♦  Medico -Chirurgical  Transact iona,  1839, 
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In  order  to  be  expert  in  electro-diagnosis,  it  is  necessary  lO  be 
thoroughly  {limiliar  with  the  normal  reaction  of  the  different  parts  and 
organs  of  the  body  to  faradic  and  galvanic  electricity.  The  founda- 
tion principles,  on  which  Electricity  caji  be  made  a  means  of  diagnosis 
of  disease,  are  simply  these  four : — 

FirsL  The  fact  that  all  (he  parts  and  organs  of  the  body  are  more  or 
less  sensitive  to  the  electric  current^  and  that  this  sensitiveness  is  modified 
^y  disease.  This  electro-sensibiUty  may  be  cither  increased  or  dimin- 
ished 

If  an  electric  current  be  passed  through  a  boil,  or  irritable  ulcer,  or 
the  skin,  like  any  other  irritant,  it  excites  more  pain  than  when  it  is 
applied  ovei  the  healthy  skin  \  and  this  pain  which  it  causes  usually 
bears  quite  a  direct  proportion  to  the  nature  and  condition  of  the 
inorbid  process.  This  is  so  familtar  and  so  apparent  an  example  of  in- 
crease of  electro-sensibility,  that  to  state  it  is  to  demonstrate  it.  The 
electric  currents,  during  the  various  processes  of  electrization,  penetrate 
beneath  the  skin,  and,  as  it  has  been  experimentally  and  practically 
demonstrated,  traverse,  to  a  greater  or  less  extent,  the  principal  vital 
organs.  It  is  evident,  therefore,  that  those  organs  which  are  abnor- 
mally sensitive,  tlirough  disease  of  any  kind,  must  feel  the  current  much 
mnore  appreciably  than  when  in  a  condition  of  health. 

But  the  mechanical  effects  of  the  electric  currents  work  both  ways, 
-and  organs  which  are  indurated  or  changed  into  an  anaesthetic  condi- 
tion by  disease  are  less  sensitive  than  is  normal  to  the  electric  current, 
^ust  as  they  are  less  sensitive  to  any  other  mechanical  cause  acting  upon 
them. 

Accordingly,  we  find  that  when  even  powerful  electric  currents  are 
passed  through  an  indurated  joint,  or  an  atrophied  liver,  or  any  part  the 
sensory  nerves  of  which  are  paralyzed,  they  may  produce  little  sensa- 
tion. 

Before  making  examinations  to  determine  the  sensitiveness  of  the 
different  parts  of  the  surface  of  the  body,  it  is  necessary  to  know  their 
relative  normal  sensitiveness,  as  indicated  and  described  tn  the  chapter 
on   Electro-Therapeutical  Anatomy. 

No  absolute  Standard  of  Electro-sensibility, — ^We  have  no  absolute 
or  mathematical  standard  of  electro-sensibility  by  which  to  compare 
the  deviations  that  appear  in  disease.  We  can  only  compare  the 
sensitiveness  of  parts  with  the  average  sensitiveness  of  the  same  parts 
in  health.  When  half  the  body  is  diseased,  as  in  hemiplegia,  it  may 
leidily  be  compared  with  the  electro-sensibility  of  the  healthy  side. 
In  all  these  examinations  into  sensibilitv  we  are  dependent  on  the 
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statements  of  the  patient^  and  the  results  will  be  influenced  bj^Uiift 
telligencc  and  honesty. 

It  need  hardly  be  said  that  the  diagnosis  obtained  by  obsenring tlirt 
increased  or  diminished  sensitiveness,  of  any  part  or  organ,  must^ofi^t 
cessity,  be  a  very  general  one.  It  simply  informs  us  of,  and  directs oni 
attention  to,  the  fact  that  such  a  part  or  organ  is  in  some  way  diseased 
The  special  nature  of  this  disease  uiusi  be  determined  by  the  ordiiury 
means  of  differential  diagnosis  at  our  command* 

This  sensitiveness  to  the  electric  current  is  particularly  marked  over 
the  prominent  nerve-tracts,  and  in  those  regions  endowed  with  grt*^ 
tactile  sensibility.  If  even  a  mild  current  be  applied  at  those  points  ofl 
tlie  upper  or  lower  Umbs  where  the  prominent  nerves  are  superficial*  * 
feeling  of  tingling  or  numbness  is  felt  through  the  branches  of  ^^ 
affected  nerve  ;  and  if  the  current  is  very  much  increased  in  strcog 
a  decidedly  anaesthetic  effect  is  experienced.  In  paralysis  of  sen 
tion,  or  anesthesia,  this  feeling  of  tingling,  thrill,  and  numbness  ^ 
very  much  diminislied  under  the  influence  of  the  electric  current,  of  ^ 
ent\riJy  absent  It  is  on  this  principle  that  electricity  becomes  amo^ 
valuable  means  of  diagnosis  in  the  various  stages  of  anaesthesia.  ^ 
condition  of  anaesthesia  or  analgesia  (loss  of  sense  of  pain)  can  readOT 
be  detected  by  the  brass  ball  employed  in  general  faradization,  or  ^f 
the  metallic  brush,  or  by  any  other  form  of  electrode*  To  dctc^^ 
analgesia  the  electrode  should  be  moistened  so  that  the  current  m^y 
penetrate  the  epidermis. 

General  faradization  is  found  to  be  of  practical  utility  in  aiding  us  ^^ 
determine  the  locality  of  certain  diseases,  if  not   their  precise  natar^' 
In  dyspepsia,   electrization   often   reveals  great   sensitiveness  in  tt^^ 
epigastric  region,  and  on  the  left  side  over  the   spleen.     In   sevr*'^ 
dyspepsia,  accompanied  by  emaciation,  a  current  is  sometimes  pai*** 
fully  transmitted  from  the  middle  of  the  back  to  the  neighborhood   ^ 
the  epigastrium.     A  peculiar  sinking  sensation  is  sometimes  felt  at  t^^ 
pit  of  the  stomach  when  a  strong  current  is  applied  over  the  seven  ^^ 
cervical  vertebra,  or  over  the  brachial  plexus.     All  these  sympioir»^» 
taken  together,  undoubtedly  suggest  an  aggravated  case  of  dyspepsia* 
and  usually  of  the  nervous  variety.     Congested  or  irritable  states  of  th^ 
liver  are  revealed  by  an  abnormal  and  peculiar  sensitiveness  when  lb* 
current  is  applied  over  the  right  hypochondriac  region.     Care  must  M 
taken t  however^  rwt  to  confound  the  normal  sensitiveness  of  the  superacid 
nerves  over  the  ribs,  with  an  abnormal  condition  of  the  liver.     There 
are  certain  diseases  of  this  organ  in  which  it  is  less  sensitive  than  mo  J 
to  electrization,  ar  i  sometimes  it  appears  to  be  decidedly  anaesthetic. 
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f^3~  A  lady  padent  of  ours  who  had  suffered  for  years  from  liepatic  disor- 

«5^r  was  very  sensitive  to  the  current  excepting  over  the  right  hypcchon- 
ci  riac  region,  where  she  could  bear  the  w^hole  power  of  the  apparatus 
^vtthout   any  discomfort,  except  that  which  was  necessarily  caused  by 
^^e  natural  tenderness  of  the  skin.     The  precise  condition  of  the  liver 
Sk.t    that   time  we  were  not  able  to  ascertain.     The  evidence>  howeveri 
-was  sufficient  to  confirm  our  previous  suspicions  in  regard  to  the  exis- 
tence of  some  affection  of  that  organ.     It  may  be  said  in  general, 
Xliat   those  diseases  which  cause  the  liver  to  be  sensitive  to  external 
|^>ressiire,  also  cause  it  to  be  sensitive    to  electrization.     The  same 
general   principle  will  apply  to  the  stomach,  the  spleen,  the  intestines, 
2Lntl  the  ovaries.     Our  experience  in  the  electrical  treatment  of  diseases 
of  the  lungs  has  not  been  large,  but  it  has  been  sufficient  to  make  it 
quite  probable  that  certain  sensitive  conditions  of  tuberculous  deposit 
mxiay  be  suggested  by  abnormal  sensitiveness  to  the  faradic  current  over 
t-hc  apex  of  the  chest. 

Electro-diagnosis  of  the  sensory  nerves  requires  us  to  examine  the 
«:zondition  not  only  of  the  various  portions  of  the  skin,  but  also  of  the 
^^erve-branches,  and  the  plexuses. 

If  in  cutaneous  anaesthesia  we  find  normal  sensitiveness  on  the  nerve- 
fcjranches,  we  judge  that  the  disease  is  confined  to  the  nerve  ramificap 
^^lions  only. 

If  in  complete  ansesthesia  of  an  extremity  the  nerve  plexus  exhibits  a 
'^normal  reaction,  we  also  judge  diat  the  disease  is  not  central  but  peri- 
:^pheral,  including  the  nerve  branches. 

Far  ih€  purpose  of  testing  the  condition  of  sensation  the  faradic  cur- 
^rent  is  usually  to  be  preferred,  for  the  reason  that  its  mechanical  effects 
.arc  greater  than  those  of  the  galvanic 

The  electro-sensibilit}'  may  be  normal  or  nearly  so  when  ordinary 
sensibility  is  much  diminished.  In  some  cases  of  posterior  spinal  scle- 
rosis, for  example,  a  moderate  electric  current  may  be  fully  perceptible 
while  a  pin  may  be  thrust  into  tlie  flesh  without  causing  any  pain. 

The  Head, — In  health  the  head  is  y^jy  sensitive  both  to  galvaniza- 
tion and  faradization,  in  all  parts  except  the  posterior.  This  electro- 
sensitiveness  of  the  frontal  and  parietal  regions  of  the  head  is  due  to 
the  superficial  nerv^es,  and  not  to  the  brain  itself.  In  pathological  cases 
this  sensitiveness  may  be  either  increased  or  diminished. 

Spine,— \u  health  the  spine  is  but  Utile  sensitive  to  the  current.  In 
pathological  cases  it  may  exhibit  a  sensitiveness  to  the  electric  current 
that  is  not  revealed  by  pressure  or  by  any  other  method  of  irritation. 
This  con d: tier  i  is  found  in  neuralgia,  spinal  jritation,  hysteria,  etc     \t 
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is  interesting,  also,  to  know  that  electric  examination  sometimes  indi 
catcs  abnormities  in  the  sensitiveness  of  certain  parts  of  the  body  thai 
exhibit  no  functional  derangement.* 

Sympailuik  and  Pneumogasirir. — The  ganglia  of  the  cervical  synipa 
thetic  and  the  pneumogastric  raay  be  examined  electrically  by  the  innci 
border  of  the  slerno-cleido-mastoid  muscle.  Sometimes  there  is  abnor- 
mal sensitiveness  all  along  the  border  of  the  sterno-cleido-mastoid 
muscle  in  the  track  of  the  pncumogastric.  This  sensitiveness  is  found 
in  a  large  number  of  pathological  conditions,  locomotor  ataxia,  muscular 
atrophy,  various  cerebral  affections,  etc.  We  have  observed  it  also  in 
spinal  irritation,  and  during  paroxysms  of  sick  headache.  This  abnor- 
mal sensitiveness  may  be  frequently  demonstrated  by  mechanical  pres< 
sure.  We  are  disposed  to  regard  this  sensitiveness  as  due  to  the  pneuino- 
gastric  more  than  to  the  sympathetic. 

EUctro  muscular  Sensibility, — Electro -muscular  sensibility  includes  a 
feeling  of  pain  and  a  feeling  of  contraction.  The  latter  may  exist  with* 
out  the  former. 

Success  in  investigating  electro-muscular  sensibility  depends  on  the 
condition  and  intelligence  of  the  patient. 

In  conditions  of  cutaneous  hyperaesthesia  it  is  exceedingly  difficult, 
even  for  the  most  inielligent  patient^  to  distinguish  between  the  sensi- 
tiveness of  the  skin  and  that  of  the  muscle. 

In  paralysis  electro  muscular  sensibility  is  frequently  diminished^ 
together  with  the  electro-muscular  contractility ;  they  often  rise  and 
fall  together.  In  hysteria,  electro- muscular  sensibility  to  pain  is  some- 
times greatly  increased.  For  remarks  on  the  physiological  nature  of 
clectro-muscular  sensibility,  see  Electro-Physiology,  p,  148. 

Secondly,  The  fact  that  the  electro-muscular  contractility  and  irriich' 
bility  are  more  or  less  modified  by  disease. 

Irritability  strictly  refers  to  the  quivering  which  muscles  exhibit 
under  mild  currents  ;  contractility  to  the  power  of  actually  contracting 
under  whatever  strength  of  current  may  be  necessary.  The  two  terms 
are  very  frequently  used  interchangeably. 

That  muscular  contractions  can  be  produced  by  the  electric  currents, 
has  been  known  since  the  period  of  the  earliest  investigations  in  the 
department  of  electro  physiology. 
,  The  first  systematic  attempts  to  make  this  a  basis  for  establishing 
differential  diagnosis  were  made  by  Dr.  Marshall  Hall,  and  subsequently 
by  Dr,  Todd  The  conclusions  of  these  distinguished  experimenter! 
are  quite  familiar,  and  as  they  were  unsitisfactory  and  partly  en oni 
•  Beixedikt   op.  cit.,  p,  6a 
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it  IS  not  necessary  to  present  them  in  detail     More  recent  investiga- 
tions liave  established  that  the  behavior  of  the  deep-seated  muscles,  in 
tegard  to  their  contractility,  is  a  much  more  complicated  question  than 
w^s  formerly  supposed.     The  contractile  power  of  a  muscle  is  made  up 
of  two  factors,  viz.:  the  excitability  of  the  intramuscular  nerve -fibres, 
md  the  functional  capacity  or  irritability  of  the  muscular  substance 
itself.     When,  therefore,  the  contractile  power  of  a  muscle  differs  in 
any  respect  from  the  normal,  this  variation  may  be  due  to  an  abnormii 
eofidition  of  either  one  or  both  of  these  factors.     Still  further,  it  is 
aiated  that  when  the  excitability  of  the  intramuscular  nerve-fibres  and 
the  irritability  of  the  muscular  substance   are  increased,   yet  if  the 
Conner  has  suffered  more  than  the  latter,  the  contractile  power  may  b** 
citiiiinished,  and  vk^  v€rsd. 

In  comparing  htaiihy  with  diseased  sides  in  paralysis^  it  is  necessarj^ 
^^  use  not  only  the  same  itrength  of  current^  but  also  the  same  relative 
^^s  it  ion  and  pressure  of  the  electrodes^ 

The  general  principles  that  have  thus  far  been  established,  b  regard 
•^o  the  relation  of  electro-muscular  contractility  to  disease,  are  as  fol- 
^^ows  : — 

ist    In   paralysis   of  motion,  the   electro-muscular  contractility  is 
^metimes  normal,  occasionally  increased,  and  very  frequently  dimin- 
ished. 

Increase  of  electro -muscular  contractility,  or  at  least  of  irritability,  may 
-3>c  observed  in  dbeases  of  the  brain,  attended  with  irritative  lesions,  in 
-certain  spasmodic  and  hysterical  afifections,  and  occasionally  in  loco- 
^:inotor  ataxia.     Diminution  of  electro-muscular  contractility  is  usually 
obseived  in  grave  lesions  of  the  anterior  columns  of  the  spinal  cord, 
and  motor  tract  of  the  brain,  in  rheumatic  paralysis,  lead  palsy,  in  well- 
marked  progressive  muscular  atrophy,  and  in  paralysis  from  injury  of  a 
ocrvc  in  some  part  of  its  course. 

2d.  In  certain  central  diseases,  the  electro-muscular  contractility  is 
It  first  normal  or  diminished^  and  afterwards  increases  with  the  progress 
of  the  disease,  until  it  becomes  greater  than  normal 

The  length  of  time  that  is  necessary  to  illustrate  ttiesc  variations  de- 
pends on  the  nature  of  the  disease.  In  chronic  inflammations  of  the 
spinal  cord,  in  effusions  in  die  brain,  causing  hemiplegia,  these  varia- 
tions  may  run  through  many  weeks  and  months.  In  cases  of  hemiple- 
gia also,  these  different  conditions  of  the  electro-muscular  contractility 
may  run  in  a  circle;  being  sometime?  normal,  sometimes  increased, 
tnd  sometimes  diminished  (Benedikt),  All  these  changes  correspond, 
of  Course,  to  certain  changes  in  the   pathological   condition  of  the 
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diseased  brain*    Just  what  this  correspondence  is  in  each  case,  cannoC* 
in  the  present  state  of  electro-pathological  science,  be  well  detemMticd- 

3d.  The  fact  that  certain  forms  of  paralysis  behave  very  J" 
under  the  faradic  and  the  galvanic  current.      Muscles  over 
faradic  current  can  have  no  influence,  may  contract  easily  under  * 
milder  galvanic  current  than  is  necessary  to  produce  contractions  of  th^ 
same  muscles  in  health.    Sometimes,  as  the  paralyzed  muscles  reco^rr* 
they  regain  their  power  of  contracting  under  the  faradic  currentt  al  ^ 
same  time  proportionately  losing  their  contractility  under  the  gatm**- 
current.     This  law  is  most   readiiy  demonstrated  in  peripheral  iad^l 
paralysis. 

This  fact,  that  in  certain  peripheral  paralyses  gahano  myscukf  i^^ 
tractUity  may  remain  after  far  ado- muscular  contractility  is  whlhl*st^ 
was  first  pointed  out  by  Baierlacher  in  1859.  His  observations  W^ 
since  been  confirmed  by  Schulz,  Meyer,*  Althaus»  Hammond,  Ra^clfc 
Ziemssen,t  Legros  and  Onimus,J  our5elveS|§  and  other  observers.  (Sc« 
section  on  peripheral  paralysis.) 

Some  of  the  more  specific  principles  on  which  electricity  is  used  3* 
a  means  of  diagnosis  in  medicine  may  be  thus  stated*  Although  ^^ 
tractions  occur  only  on  closing  or  opening  the  current,  yet  we  &^^ 
guish  four  kinds  designated  by  the  following  abbreviations  :  ist,  C  ^ 
C. ;  2d,  A.  O.  C. ;  3d,  A.  C.  C,  j  4lh,  C.  O.  C. 


The  first  is  the  cathodal  closure  contraction,  and  occurs  when 


*el 


cathode,  or  negative  pole,  is  applied  to  the  nerve  or  muscle,  and  ^  j 
current  closed. 

The  second,  a  nodal  opening  contraction^  occurs  when  the  anoJ^ 
positive  pole  is  a[>plied  to  the  nerve  or  muscle  and  the  circuit  opcn^ 

The  third,  anodal  closure  contraction,  occurs  when  the  anode  is 
plied  and  the  current  closed. 

The  fourth,  cathodal  opening  contraction,  occurs  when  the  cath^ 
is  applied  and  the  current  opened. 

The  readiness  with  which  these  various  contractions  are  indii* 
relatively  to  each  other,  depends  altogether  upon  the  strength  of 
current  and  the  condition  of  the  nerves,  whether  diseased  or  healtW 
If  on  the  healthy  nerve  or  muscle  the  negative  pole  is  pressed^  an^ 
current  of  sufficient  strength  employed,  it  will  be  found  that  on  closr' 
the  circuit  a  contraction  takes  place.      In  order,  however,  to  induce 
contraction  of  the  same  vigor  on  opening  the  circuity  it  is  neces 


•  Op.  cit.,  p.  417. 
top.  cit.,  p  6i» 


f  Eleciridtai  in  der  Medicin,  1 866,  p,  jl 
§AVw  York  Medical  Rtcord,  1868,  p.  , 
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ihat  the  strength  of  the  current  be  increased.  Each  one  can  readily 
confirm  this  statement  for  himself,  and  by  experimenting  thoroughly  it 
will  be  found  that  contraction  in  the  healthy  muscle  occurs  in  the  order 
just  given* 

In  diseased  conditions,  however,  this  formula  is  subject  to  great  va- 
riations.    The  readiness  with  which  a  muscle  contracts  to  electrical 
influences  may  be  increased.     This  occurs  in  certain  cases  of  hemi- 
plegia associated  with  an  irritative  lesion  ;  and  in  the  early  stages  of 
facial  paralysis  due  to  the  action  of  cold  associated  with  a  rheumatic 
diathesis.     In  these  cases  the  mtra-muscular  nerves  are  attacked  from 
t.he  beginning,  while  there  is  but  Httle  if  any  alteration  of  the  muscular 
^bres.  The  faradic  current  causes  contractions  through  the  intra-muscu- 
lar  nerves  ;  therefore,  in  cases  such  as  the  above,  its  [>ower  to  produce 
xnuscular  contractility  is  lost.    The  galvanic  current,  acting  more  espc- 
<:ially  on  the  muscular  fibres,  retains  its  power,  and,  as  experience  shows, 
aL  milder  current  will  cause  contractions  than  is  found  necessary  for  the 
liealthy  muscle.    As  the  patient  improves,  it  takes  an  increased  tension 
of  galvanism  to  cause  the  same  effects,  until,  finally,  farado-nurscular 
<ontractility  becomes  manifest,     Again^  the  readiness  of  contraction 
may  be  decreased  and  finally  abolished,  as  in  the  late  stages  of  bulbar 
paralysis  ;  occasionally  in  paralysis  following  acute  diseases,  in  myeli- 
tis, and  in  progressive  muscular  atrophy. 

The  above  are  termed  quant tlative  reactions^  consisting,  as  has  beco 

stated,  in  a  simple  increase  or  diminution  in    the  quickness  of   re* 

sponse  to  a  current  of  given  strength.     Qnalilative^  which  includes  as 

ireli  quantitative  changes — in  otht;r  words  termed  %\\^  reaction  of  de gen* 

Nation — consist  in  an   alteration  in  the  order   of  occurrence  of  the 

Contractions,     These  changes  are  observed  in  any  form  of  traumalic 

Paralysis  where  the  continuity  of  the  nerve  has  been  completely  inter- 

Hjpted,  in  rheumatic  paralysis  associated  with  compression  at  some 

PoiDt  of  the  nerve,  in  lead  palsy,  many  forms  of  infantile  paralysis,  in 

^inal  paralysis  where  the  gray  matter  is  much  involved,  in  progressive 

niuscular  aUophy,  in  some  cases  of  neuritis,  bulbar  paralysis,  in  cases 

Of  pressure  on  the  nerve  by  tumors  or  cicatrices,  etc,  and  in  some 

{Paralyses  the  result  of  acute  diseases. 

The  normal  formula  becomes,  in  the  above  cases  of  paralysis,  sub- 
ject to  the  following  changes :  The  negative  pole  at  its  closure  (C.  C. 
C)  becomes  as  weak  or  even  weaker  than  the  positive  (A.  C.  C),  and 
the  positive  pole  at  its  opening  (A.  O.  C.)  becomes  weaker  than  the  neg^ 
ative  at  its  opening  (C.  O.  C).     At  the  same  time  the  contractions  be- 
come weaker  and  less  rapid  than  in  health.    When  the  circuit  is  closed 
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the  con  trad  ions  are  also  liable  to  become  tetanic*  while  rapid  interriii> 
tions  o{  the  galvanic  current  utterly  fail  to  call  forth  any  response. 

VoiUianai  Contractility  may  exist  when  EitctrO'C&tUractility  is  di- 
minishid, — ^The  volitionai  power  may  remain  when  the  electric  contracti^ 
lity  is  diminished-  If  a  muscle  exhibits  diminution  of  contractility  undei 
electric  irritation,  but  reacts  normally  to  the  wiJi^  the  conclusion  is  thai 
the  muscle  is  not  injured,  but  that  the  abnormity  is  caused  by  change  in 
the  irritability  of  the  intra-muscular  fibres.  This  is  observed  in  certain 
stages  of  traumatic  and  lead  paralysis.  We  arrive  at  the  same  conclu- 
sion in  those  cases  where  the  muscles  refuse  to  contract  under  direct, 
but  respond  normally  to  indirect,  electrization. 

Muscles  of  the  eye  are  an  exception  to  this  rule,  slncc^  from  thetr 
anatomical  position,  they  cannot  be  made  to  contract  by  directi  bul 
only  by  indirect*  reflex  action  from  the  fifth  pair. 

Cases  where  reaction  is  lost  both  to  the  will  and  electricity  indicate 
actual  injury  of  the  muscle* 

Furthermore,  it  should  be  considered  that  the  electro-muscular  con- 
tractility and  sensibility  of  diseased  muscles  may  be  and  are  greatly 
modified  by  the  treatment,  both  permanently  or  temporarily.  Modifi- 
cation may  take  place  even  during  the  s<^ance* 

Thirdly.  That  the  special  physiological  reactions  of  the  centroi 
and  peripheral  nerious  systems  to  the  galvanic  current  are  essentially 
changed  when  the  nerve  is  in  a  pathological  condition. 

This  is  true  of  the  spinal  cord,  the  mator  and  sensory  nerves,  spinal 
cord  and  nerves  of  special  sense,  and  of  the  sympathetic.  According 
to  Benedikt,  if  the  negative  pole  is  placed,  for  example,  on  the  pero- 
neal nerve,  and  the  positive  on  the  patella,  with  an  interrupted  current, 
a  weaker  irritation  appears  than  when  the  positive  pole  is  placed  on 
the  cervical  or  lumbar  vertebrae.  The  more  the  central  parts  are  in* 
eluded  in  the  circuit  the  greater  the  irritation.  In  pathological  con* 
ditions  this  reaction  is  changed. 

Opening  contractions  are  regarded  by  Benedikt  as  characteristic 
evidences  of  certain  forms  of  locomotor  ataxy.  They  are  observed 
also  in  neuritis  and  in  chorea  minor.  They  indicate  a  molecular  dis- 
turbance. They  accompany  both  increased  and  diminished  irritabilityi 
usually  the  latter.* 

Nen^es  of  Special  Sense. — The  changes  of  the  reaction  of  the  nerves  of 
special  sense  to  electric  irritation  maybe  both  ^mintitatire  And  ^ua/itativf* 

•  These  views  of  Benedikt*  concerning  the  significance  of  **  opening  contraction^^ 
have  been  *everclj  :ritij:ised  by  Brenoca'  (»•  Untefsuchutigen,"  kc^  Bd.  iL,  1S69,  fk 
a  15,  et  «q.). 
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AMdUory  Nerve, — It  has  been  shown  that  the  reaction  of  the  auditory 
■>crve  to  galvanic  irritation — the  strong  subjective  sensations  of  sound 

is  materially   changed  by   disease  ;    and  by  this  we  judge    of  the 

^::oiidition  of  the  nerve.     (See  Diseases  of  the  Ear.) 

Optic  Nerve. — The   reaction  of  the   optic  nerve  under  the   indu- 

^^nce  of  the  galvanic  current,  is  attended  with  flashes  of  light.      The 

c^ualitative  changes  in  reactions  of  the  optic  nerve   to  electrical  irrita^ 

don  are  numerous.    In  certain  pathological  cases,  as  we  have  observed, 

£ashes  of  light  may  be  produced  by  tlie  faradic  current.     In   other 

13athological  cases,  as  severe  atrophy  of  the  retina,  the  flashes  of  light 

«lo  not  appear  during  galvanization,  or  only  when  a  very  strong  current 

m$  used.     We  have  observed  very  marked  differences  in  the  reaction  of 

Efae  optic  nerve  in  the  two  eyes  when  one  was  diseased  and  the  othei 

Wealthy.     Flashes  of  light  from  galvanization  of  the  lower  part  of  the 

spine  are  indicative  of  abnormal  irritability  or  organic  disease  of  the 

«pinal   cord.      They  are   observed   in   locomotor   ataxia  and   spinal 

irritation. 

Olfactory  and  Gustatory  Nerves. — The  peculiar  smell  that  is  ex- 
perienced on  galvanization  of  the  olfactory  nerve  may  be  either  in* 
creased  or  diminished  by  disease.  It  is  absent  in  paralysis  of  the  olfac* 
Xmy  nerve. 

The  peculiar  metallic  taste  that  follows  galvanization  of  the  tongue, 
or  that  is  experienced  by  reflex  action  when  the  galvanic  current  is  ap- 
plied on  the  neck  and  upper  part  of  tlie  spme,  is  subject  to  various 
modiflcations  by  disease.  In  irritable  conditions  of  ilie  cord  we  have 
observed  that  this  metallic  taste  will  appear  when  the  application  is 
made  in  the  lower  part  of  the  spine.  In  two  striking  instances  it  was 
tJtperieoced  from  faradization  of  the  cilio-spinal  region. 

fourth.   The  fact  that  in  certain  central  diseases,  and  in  conditions 

ff  great  irritability^  as  hysteria^  the  reflex  effect  of  the  current  is  so 

^aiiedas  to  excite  reactions  that  in  a  normal  condition  of  the  body  never 

^pp^ar.      Thus,  in  a  lady  of  middle  life,  who  for  several  years  had  suf- 

tred  from  all  the  symptoms  of  declared  chronic  myelitis,  we  were  first 

struck  by  the  fact  that  even  a  very  mild  current  over  the  upper  portion 

Of  the  back  was  sensitively  felt  down  the  right  leg.     This  symptom  we 

*l^vc  never  known  to  occur  in  a  perfectly  healthy  condition  of  the 

Spinal  cord.     Afterwards  we  found  that  a  very  short  a-s  well  as  very 

tuild  application  of  the  current  to  one  leg  caused  a  disagreeable  feeling 

^  pain  and  heaviness  not  only  in  this  leg,  but  also  in  the  other,  for 

Several  days  following  the  application.     In   another  case  of  general 

paral)*sis  dependent  on  hysteria,  a  very  feeble  current  localized  ip  one 
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hand,  or  in  one  foot,  would  be  appreciably,  and  oftentimes  iiainfully, 
felt  through  all  the  four  extremities.  The  patient  declared  tliat  ihfi 
w^hsation  was  like  tliat  of  "  waves  rolling  through  the  body/* 

A  still  more  marked  illustration  of  this  diagnostic  power  of  elentruEA^ 
lion  was  the  following : 

In  the  case  of  a  iady  whose  lower  limbs  had  been  somewhat  para- 
lyzed for  two  years,  who  presented  no  marked  symptoms  of  severe 
organic  disease  of  the  cord,  we  were  inclined  to  suspect  that  her  para- 
plegia might  be  due  to  nervous  exhaustion,  until  this  abnormal  redex 
sensitiveness  to  the  electric  current  seemed  to  establish  the  existence 
of  myelitis,  or  at  least  meningitis.  We  first  observed  that  a  feeble  cur- 
rent ill  the  neck  was  felt  down  the  spinCi  and  subsequently  the  patient 
complained  that  a  strong  current  down  the  lower  extremities  trans- 
mitted pain  to  the  back.  The  occurrence  of  this  abnormal  symptom 
forced  us  to  the  unwilling  conclusion  that  we  were  dealing  with  a  case 
of  organic  disease  of  the  spine.  The  subsequent  history  of  the  case 
has  confirmed  this  diagnosis.  It  has  been  shoiJVTi  by  Benedikt,*  that, 
in  certain  morbid  conditions,  electrization  of  one  extremity  produces 
contractions  in  the  other.  This  phenomenon  has  been  observed  in 
progressive  muscular  atrophy,  and  in  certain  reflex  neuroses.  In  a  case 
of  rheumatic  gout  that  we  treated  the  application  of  tlie  galvanic  cur- 
rent to  the  left  knee  caused  a  sharp  pain  in  the  corresponding  part  of 
the  right  knee. 

This  fact  enables  us  not  only  to  make  a  diagnosis  of  central  disease, 
but  in  certain  cases  even  to  suspect  the  seat  of  the  affection. 

We  are  confident  that  in  all  cases  of  crossed  reflex  contractions 
^ust  as  in  the  cases  of  crossed  reflex  sensation  above  cited — there  is 
always  some  central  disease.  This  symptom  when  it  occurs  may  per- 
haps then  be  regarded  as  so  far  forth  diagnostic 

Crossed  reflex  sensations  and  crossed  reflex  contractions  may  be 
manifested  simultaneously  in  a  patient  aifected  with  organic  disease  of 
the  spinal  cord.  This  singular  coincidence  was  observed  in  the  case 
above  recorded  of  the  lady  who  complained  of  waves  of  sensation  all 
over  the  body  when  the  current  was  applied  to  any  one  of  the  four  ex- 
tremities. These  peculiar  sensations  were  sometimes  accompanied  by 
feeble  and  spasmodic  jiuscular  contractions. 

,      General  shaking  and  tremor  of  a  limb,  or  of  the  whole  body,  after 
electrization,  is  also  diagnostic  of  central  disease.     We  have  observed  it 
in  one  case  of  softening  of  the  brain,  and  in  a  number  of  cases  of  hemi- 
plegia.    This  general  or  partial  tremor  does  not  appear  utiless  a  coa 
•  Die  Elcktrotlwarapic,  p^  63. 
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siderablc  strength  ol  current  has  been  employed,  or  the  application  ha.« 
l)een  much  prolonged. 

Dipttgu  Contractions, — Remak,*  of  Berlin,  was  the  first  to  note  th* 
fact,  that  contractions  of  the  muscles  of  one  or  both  of  the  upper  extrenu 
ties  may  sometimes  be  produced  by  placing  the  positire  pole  in  the 
auriculo-maxillary  fossa,  just  posterior  to  the  ascending  ramus  of  the  lowet 
jaw,  and  the  negative  by  the  side  of  the  sixth  cervical  vertebra*  Th< 
theory  of  Remak,  that  these  contractions,  to  which  he  gave  the  name  of 
^*  diflegic,'*  were  caused  by  irritation  of  the  superior  ganglia  of  the  sym 
pathetic,  was  apparently  confirmed  by  Fieber,f  by  experiments  on  ani 
mals  in  whom  the  sympatlietic  was  exposed^  and  sobjected  to  the  action 
of  the  current- 
Strong  currents — from  twenty  to  forty  elements — are  usually,  though 
not  always,  necessary  to  produce  these  contractions.  The  contractions 
may  be  of  various  degrees,  from  mild  drawing,  with  scarcely  perceptible 
oscillations,  to  violent  movements  resembling  chorea.  They  may  appeal 
in  the  interossei  or  in  the  muscles  of  the  arm  or  forearm  of  one  or  both 
sides.  They  may  also  appear  in  other  positions  of  the  electrode  than 
the  one  described.  From  one  to  five  minutes  are  usually  necessary  to 
excite  them,  and  they  may  continue  for  a  few  moments  after  the  appli- 
cation has  ceased* 

That  these  so-called  diplegic  contractions  are  a  reality  and  not  a  de- 
'usion,  as  some  have  declared,  we  have  demonstrated  in  a  number  of 
C^^es,  and  especially  in  progressive  muscular  atrophy.     The  cases  where 
Hiey  are  readily  demonstrated,  are,  according  to  our  observation,  not 
ft^equcnt,  and  we  can  easily  see  that  one  might  practise  electro  therapeu- 
tics for  a  long  time  without  seeing  any,  especially  as  currents  of  con- 
siderable strength,  applied  in  a  certain  manner,  are  necessary  to  pro- 
duce them. 

The  evidence  that  these  contractions  occur  exclusively  through  the 
Sympathetic  is  not  to  our  view  satisfactory,  and  there  is  stronger  proba- 
lz>ility  that  the  spinal  cord  is  the  centre,  which  in  certain  irritable  con- 
viitions  exhibits  these  manifestations  under  strong  electrical  stimula- 
tion.    In  none  of  the  methods  of  application  where  these  diplegic  con- 
tractions are  called  forth  is  it  possible  to  localize  the  current  in  the 
sympathetic.     The  special  diagnostic  value  of  these  contractions  is  not 
^reit.     They  occur  not  only  in  progressive  muscular  atrophy,  but  in 
liyslcria  and  hj  steroid  affections,  and  would  appear  to  be  patliogno 

^  ApplicanoD  iJit  courant  constant  au  traLtement  des  neurones.     Pan&,  t%i&^m 
f  Die  diplegischen   ContracticMieii   n^cb   Versudien  im  Menschen  und   Thkre^ 
^lin,  1S66,  pp.  21,  22,  2J. 
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iDonic  of  DO  one  special  disease,  but  mther  of  a  conditioa  of  trriubifi' 
of  the  nerve-centres  that  may  appear  in  many  dLfiferent  diseases* 
Feigned  Diseases. — By  the  application  of  the  principles  stated 
the  electric  currents  may  be  of  great  service  in  helping  us  to 
real  from  feigned  disease.  A  case  of  pretended  paralysis  of  niotioii 
sensation  can  readily  be  settled  by  applying  the  current  to  the 
since  no  force  of  will  can  fully  resist  the  energy  of  the  contractioiis 
electricity  may  excite  in  healthy  muscles,  or  the  pain  that  can  be 
duced  by  strong  faradization  of  the  skin.  The  principle  wdl  work  botb^ 
ways,  andt  if  the  electro  niuscular  contracttlity  is  diminished  below 
normal  standard,  we  may  know  that  the  disease  is  rcaL  Where 
side  or  one  limb  only  is  affected^  the  comparison  between  the  healtb^^ 
portions  and  those  where  disease  is  susi^ected  can  easily  be  made. 
Russell  Reynolds*  mentions  a  patient  with  hemiplegia  who  was 
posed  to  be  malingering.  Electrization  of  the  limbs  on  both 
showed  clearly  a  diminution  of  contractility  on  one  side,  as  the  [jauerL^ 
represented,  and  accordingly  the  case  was  pronounced  to  be  one  of 
hemiplegia. 

Dr,  Althaus  f  records  a  case  of  suspected  malingering  that  he  studw 
by  the  aid  of  electricity.     A  member  of  a  workingmen*s  benefit 
cly  professed  that  he  had  lost  the  use  of  his  arm  in  consequence  of 
accident— a  fall — three  years  before.     The  question  was  whel 
society  should  give  hiuj  the  j^ioo  to  which  permanently  incapat 
lueinbers  are  entitled.     The  |>atient,  though  tall  and  strong,  had  6xM 
work  since  the  accident,  and  professed  to  be  unable  to  undress  hitiiscl 
On  examination  with  tlie  faradic  current,  Dr*  Akhaus  found  that 
tile  muscles  of  the  arm  responded  without  difficulty ;  he  therefore 
dinied  that  the  nerves  and  muscles  were  uninjured — in  other 
ihai  there  was  no  paralysis.     He  found,  however,  that  when  a  v* 
itroilg  current  was  used  the  patient  appeared  to  suffer,  but  the  arm 
Wt  •Kc<ute  the  movements  it  should  do  when  the  muscles  contr 
Aci^urvlingly,  he  had  the  patient  ani^sthetized  by  nitrous  oxide  gas« 
WNt  to  sec  whether  any  andiylosis  existed  that   might   interfere 
Im  Wlfyvtn'icnts  of  the  arm.     It  was  found  that  no  anchylosis  exists 
IVs  Aliluus  g»vc  a  certificate  that  the  patient  had  no  paralysb 
•Na  Aiic^losis  or  dislocation,  but  that  there  was  a  painful  affection 
An  \pmx  which  would  yield  to  subcutaneous  injections  of  morphia 
fphOKlWV  *iid  that  the  patient  could   use  the  arm  if  he  wished  l^^ 
Tift  dftMii  for  benefit  money  was  disallowed. 

f  iijf  a  means  of  distinguishing  real  ft  am  apparent  deeUk 
«•  AprU  Id,  187a  f  ThiM  EditloD,  ^  455. 
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lUfir-^^J^ioscffpy, — The  use  of  electricity  as  a  means  of  dstingoishiDg 

tTx>n:i   apparent  death  was  suggested  as  long  ago  as  1792,  by  Drs. 

stKl    and  Creve-     Subsequently  Boer,  of  Vienna,  used  fmnklinic 

on  newly-born  infants,  and  found  that  when  muscular  con* 

j:ractioiis  still  existed,  then  the  child  was  not  dead,  but  could  be  re- 

[stored. 

In  1852,  Dr.  Criniotel,  of  Paris,  wrote  a  memoir  in  which  he  stated 
[  that  when  farada-conira^Hliiy  is  gone,  life  is  extinct.  He  stated  fur- 
I  thcrmore  that  farado-contractility  gradually  disappears  after  death,  and 
I  ^^  after  a  period  ranging  between  half  an  hour  and  two  hours  it  en- 
rtirely  disappears*  He  suggested  the  term  eUctra-diosccpy^  and  recom- 
mended that  those  who  are  apparently  dead  from  drowning,  syncope, 
J  apoplexy,  freezing,  hysteria^  and  tlie  inhalation  of  poisonous  gases, 
[Aould,  before  burial,  be  tested. 

Rosenthal,  of  Vienna,  has  also  studied  the  subject  with  much  care, 
I  He  has  found  that  both  farado-  and  galvano-contractility  gradually  disap 
I  pear  after  death.  He  agrees  in  the  main  with  Crimotel  in  the  follow- 
[ing  general  conclusions: 

^*^^^ro.c0ntractiliiy  disappears  more  rapidly  after  death  from  ehronic 
I  ,  ,  **^w//  diseases  ;  it  persists  langer  in  well  tfian  in  hadly  nourished 
\  9aa$t^^    ^^^^  ^  usually  disappears  within  three  hours. 

*^^^nthal  found  that  in  amputated  limbs  the  farado-  and  galvano-con- 

**Hy  were  active  the  first  hour,  and  entirely  disappeared  in  ninety 

»         ^^s*     In  case  of  drowning  electro-contractility  disappeared  in  three 

ajid  a  quarter.     In  some  cases  where  rigor  mortis  has  not  ap- 

^     ^  ^^,  where  the  temperature  of  the  body  is  yet  quite  high,  and  where 

^  ^^^iiils  are  flexible,  the  absence  of  electrocontractility  yet  proves 

^  "^^^  question  that  the  person  is  dead. 

.        ^cnthal  further  records  a  very  remarkable  case  of  trance  in  a  hys- 

*j.     ^"^^  woman,  where  it  was  declared  and  believed  by  the  physician 

^iie  patient   was   dead*     The  skin  was  pale  and  cold ;    the  pu- 

^^  ^ntracted,  and  not  sensitive  to  light ;  no  pulse  could  be  felt ; 

^rj      ^^  jxtremities  w*ere  relaxed ;    melted   sealing-wax   dropped   on   the 

J  ^»iised  no  reflex  movements,  and  no   moisture  appeared  on  a 

t      ^^^^^  ^  held  before  the  mouth.    Respiratory  murmurs  could  not  be  heard, 

VI    ^^     feeble  intermittent  sound  in  the  cardiac  region  was  just  percepti- 

.        *^  auscultation.     For  thirty  huo  hours  the  patient  had  been  appar 

^^     dead  ;  but  on  electric  examination  Rosenthal  found  farado-eon" 

^Jity  in  the  muscles  both   of  the  face  and  the   extremities.     He 

^^^fore  urged  the  use  of  the  faradic  current  to  restore  the  patient 

V^    ^^clve  hours  the  patient  recovered  her  speech  and  movements 
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Two  years  afterwards  she  was  alive  and  well,  and  informed  Rosenthal 
that  she  knew  nothing  about  the  commencement  of  the  attack  of  the 
trance,  and  that  afterwards  she  heard  people  talk  about  her  death,  b  it 
she  was  powerless  to  help  herselil 


CHAPTER  VI, 


ELECTRO-THERAPEUTICAL   ANATOMY. 


Eiectra-tkeraptuiicai  anatomy  includes  a  description  of  the  localities  oi 

which  the  different  nerves^  muscles^  and  organs  can  he  best  affected  by 

the  electric  currents ,  and  also  the  relative  electro-sensibility  of  the  dif 

fercnt  parts  of  the  body.     It  is  therefore  to  electro-therapeutics  what 

surgical  anatomy  is  to  surgery. 

Motor  Points  of  Muscles. — The  subject  of  the  motor  points  was  first 

Systematically  studied  by  Ziemssen,  who  experimented  on  the  recently 

^^ad  subject,  and  marked  with  nitrate  of  silver  the  points  at  which  the 

**l dividual  nerves  and  muscles  most  readily  responded  to  faradization, 

^'Wany  of  these  points  can  be  easily  and  successfully  studied  on  the  living 

*^  uiiian  subject.    Those  which  we  have  represented  in  the  cuts  are  derived 

*^"iostly  from  numerous  observations  on  persons  in  health,     The5^  have 

«:^*^eii  found  to  agree  in  the  main  with  those  of  Zienissen,  with  which 

"^^ey  have  been  compared,  and  by  which  they  have  been  made  more 

-^^^ccurate  and  complete.     Those  who  wish  to  examine  the  subject  in 

l^^reatcr  detail  are  referred  to  the  work  of  Ziemssen,* 

It  will  be  found,  however,  that  those  which  are  here  described  are 
^St,  ufficien  t  for  most  of  the  purposes  of  electro-therapeutics. 

The  best  method  of  verifying  these  points  is  to  place  one  large 
^^pongc   electrode,  well  moistened,  on  some  indifferent  point,  and  to 
*rirmly  press  a  small  negative  f  electrode,  also  well  moistened,  over  the 
^apot  where  the  nerve  or  muscle  should  be  affected.     If  the  right  place 
'is  touched,  and  the  strength  of  the  current  and  the  pressure  be  suffi* 
■^cient,  the  normal  physiological  action  of  the  part  affected  will  at  once 
Appear.     In  the  case  of  muscles  contraction  will  take  place,  accom- 
panied with  a  feeling  of  contraction  ;  in  the  case  of  nerve-branches  and 
:plexuses,  there  will  be  sensation  more  or  less  painful  along  the  periphe- 
*    :»al  ramifications  of  the  nerves,  and,  if  the  excitation  be  sufficiently 
•trong,  contraction  of  the  muscles  which  they  supply. 

•  Pic  Electricitiit  in  der  Medicin.     Berlin,  1866,     p.  IS4^  et  s«q. 
f  The  negative  is  to  be  piefcfred,  because  it  is  the  stronger,  *nd  tcU  more  power. 
fuily  in  producing  cuntnctions. 
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It  h  not  to  be  understood  that  a  studious  regard  for  all  of  these  elec 
trie  points  is  always  necessary  in  making  apphcations  of  electricity.  In 
tlie  normal  condition  most  of  the  superficial  and  many  of  the  deeper 
muscles  and  nerves  are  easily  excited  by  ordinary  labile  applications 
with  large  sponge  electrodes.  Some  of  the  miiscles  have  two  or  more 
motor  points,  and  are  therefore  more  readily  affected  by  large  than  by 
small  electrodes, 

A  large  sponge  electrode  of  from  3  to  6  or  3  inches  in  diameter,  folded 
over  a  brass  ball,  such  as  is  used  in  general  taradization, — causes  full 
contraction  of  a  majority  of  the  superlicial  and  deep  muscles  when  rapidly 
passed  up  and  dow^n  the  limbs. 

But  when  the  muscles  have  become  diseased,  so  that  they  res  pom] 
with  difficulty  to  the  electric  current,  it  becomes  necessary  to  give  spe- 
cial heed  to  the  situation  of  these  motor  points,  in  order  to  determine 
their  actual  electric  condition,  or  to  aid  in  restoring  tliem  to  their  nor- 
mal condition  by  exciting  artificial  contraction. 

It  should  be  remarked  furthermore,  that  these  motor  points  vary  in 
different  individuals,  just  as  the  anatomical  relation  of  the  nerves  and 
muscles  varies,  and  that  the  representations  of  Hie  cuts  can  be  only 
approximately  correct. 

The  points  at  whicli  tlie  nerves  and  rauscles  of  the  eye,  ear,  and 
larynx  can  be  best  electrized,  also  llae  best  method  of  electrizing  the 
oesophagus,  rectum,  genital  and  abdominal  organs,  will  be  described  in 
the  chapters  devoted  to  the  diseases  of  those  parts. 

We  present  below  a  brief  description  of  the  points  at  which  the  prin- 
cipal nerves,  plexuses,  and  branches  can  be  best  excited  electrically, 
and  also  the  physiological  effect  on  the  nerves  and  muscles  produced 
by  such  excitation. 

Fudal — at  its  exit  from  the  stylo-mastoid  foramen,  between  the  mas^ 
loid  process  and  the  angle  of  the  lower  jaw,  or  at  the  opening  of  the 
external  auditory  canal. 

Pneumogastrk — at  the  lower  and  anterior  part  of  the  neck,  between 
»He  common  carotid  artery  and  the  jugular  vein  ;  inferior  laryngeal — 
between  the  cesophagus  and  the  tradiea  b)^  the  ganglia  of  the  sympa- 
thetic. 

The  superior  cenneal  ganglion  of  the  sympathetic  can  be  reached  in 
the  anterior  maxillary  fossa,  just  behind  and  below  the  angle  of  the 
lower  jaw ;  the  middie  cervical^  by  the  side  of  the  stern o-cleido-mastoid 
muscle,  opposite  the  fifth  cervical  vertebra  ;  the  inferior  eervicaly  also 
by  the  inner  border  of  the  sternocleido-mastoid  muscle,  opposite  the 
second  cervical  and  first  dorsal  vertebrae. 


I 
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Accessory — at  its  exit  from  :he  sterno-cleido-ma^toid  muscle, 
Hypoglossus — between  the  stylohyoid  and  hyoglossus  muscles,  under 
^e  by  Old  bone* 

Phrenic — at  the  outer  border  of  the  stemo-cleido-mastoid  muscle, 
%y  the  anterior  border  of  the  scalenus  anticus,  near  the  omohyoid  mus- 
<Je.     Excitation  of  this  nerve  causes  strong  movements  of  the  chest. 

Brachial  plexus — in   the    supra -clavicular  space,  posterior  to    the 

^>uter  border  of  the  sterno-cleido-mastotd  muscle*     Excitation  of  this 

plexus  causes  a  feeling  of  tingling  and  numbness  in  the  fingers  and 

<lown  the  arm,  and,  when  the  current  is  strong,  dexion  of  the  forearm 

«od  fingers. 

J}arsalis  scapula^zX  the  border  of  the  trapezius,  near  the  accessory* 
Supra  scapular  is — -just  before  its  entrance  into  the  scapula,  and  ex* 
^c^mal  to  the  omohyoid  muscle. 

Anterior  fhoracic — at  the  upper  border  of  the  pectoral  is  major,  below 
^^^  clavicle. 

Posterior  thoracic — above  the  clavicle,  near  the  trapezius. 
The  thoracic  nerves  arc  irregular  in  their  distribution,  and  therefore 
fBcult  to  find. 
v^x/7/tfry— at  the  upper  and  posterior  border  of  the  axilla. 
Musculocutaneous — between  the  btceps  and  coraco-brachialis. 
Median — in  the  lower  third  of  the  arm,  at  the  point  where  it  crosses 
e  brachial  artery.     Mild  excitation  of  this  nerve  causes  tingling  in  the 
[1  and  fingers ;  a  strong  excitation  causes  closure  of  the  fingers  and 
Tonation  of  the  hand. 

Ulnar — at  the  groove  betiveen  the  olecranon  and  the  internal  con* 
yle.     Excitation   of  this  nen^e  causes  pain  in  the  inner  surface  of  the 
^'WDrearra  and  contracdon  of  the   flexor  carpi  ulnaris,  flexor  digitonim 
^^rofundus,  adductor  polUcis  lumbricalis,  and  interossei  of  the  little 
*^nger. 

Radial^n  the  lower  third  of  the  arm,  at  the  point  of  its  emergence 

•  rem  beneath  the  triceps     Excitation  of  this  nerve  causes  tingling  in  the 

^uter  part  of  the  arm  and  forearm,  and  down  to  the  wrist  \    strong 

Excitation  produces  extension  of  the  first  phalanges  of  the  fingers,  ex- 

"^cnsion  of  the  hand  and  thumb  and  supination  of  the  forearm,  contrac- 

Tions  of  the  extensor  carpi  radialis  and  ulnarls,  extensor  digitorum  com* 

munis,  extensor  minimi  digiti,  extensor  indicis  prop.,  extensor  pollicia 

bngus  and  brevis,  adductor  polUcis. 

Sciatic — in  the  thigh,  posterior  to  the  head  of  the  femur,  at  the  poin( 
where  the  nerves  issue  from  the  pelvis,  or  in  the  pelvis,  through  the 
posterior  wall  of  the  rectum.     Electrization  of  this  nerve  causes  sensa- 
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tions  of  tingling  in  the  leg  below  the  knee,  and  foot,  sii;.Qar  tc  thost 
which  we  so  often  experience  when  we  accidentally  sit  on  ihc  sciitk 
nerve. 

Crura! — just  after  its  exit  from  beneath  Poupart's  ligament,  extcricn 
to  the  crural  artery.  Electrization  of  this  nerve  causes  sensations  in 
those  parts  of  the  leg  that  are  supplied  by  its  branches. 

Obiuratcr — on  the  horizontal  branch  of  the  pubic  bone.  Iflbca|K 
plication  is  successful,  and  the  current  used  sufficiently  strong,  the  thigh 
is  abducted. 

PafliUal— 'in  the  outer  part  of  the  popliteal  space.  Electrization  of 
this  nerve  causes  vigorous  contraction  of  the  muscles  that  move  the 
foot  upward  and  outward. 

PfToneal — on  the  posterior  border  of  the  capttulum  fibulae.  ExoBp 
tion  of  this  nerve  causes  contraction  of  the  tibialis  anticus,  peronci 
muscles,  extensor  digitorum  communis  longus,  extensor  digitorum  Cflift* 
munis  brevis,  and  extensor  hallucis  longus. 

Tibial, — This  can  be  reached  on  the  middle  and  outer  part  of  the  bee 
When  strongly  electrized,  contractions  arise  in  the  muscle  of  the  po** 
tenor  part  of  the  leg.  The  tibial  nerve  can  more  easily  be  reached  i<* 
the  depression  posterior  to  the  internal  malleus. 

Farada-smsibility  of  ihc  Surface  of  the  Body.^Y^ry  many  nittsde* 
have  no  accessible  motor  points,  and  must  therefore  be  electrired  int»^ 
muscularly.  Practically  this  is  done  in  the  majority  of  cases.  Wc  pje- 
sent  in  the  accompanying  cuts  a  bird's-eye  view  of  the  electric  poiots' 
the  prominent  ner\xs,  plexuses,  and  muscles,  and  of  the  relative 
siliveness  of  different  parts  of  the  surface  of  the  body  to  the  faradic  cnr-* 
rent. 

The  relative  sensitiveness  of  the  different  parts  of  the  surface  of  lli^ 
body  to  faradization,  we  have  also  ascertained  by  numerous  compirt 
tive  observations  on  persons  in  health,  with  the  moistened  hand  a»4 
well-moistened  sponge  electrodes,  The  method  of  making  these  obser- 
tions  is  to  place  the  patient  in  the  position  for  general  faradization,  *i^ 
his  feet  on  the  plate  to  which  the  negative  pole  is  attached,  while  th^ 
experimenter  applies  the  positive  all  over  the  surface  of  the  body. 

Degrees  of  Farado-sensibility. — We  have  distinguished  five  degree* 
of  sensitiveness,  tlie  highest  being  marked  one.  For  all  practical  pBT* 
poses  these  are  sufficient ;  approximate  accuracy  is  all  that  is  attemptw- 
The  sensitiveness  of  the  body  when  irritated  by  the  faradic  current i» 
due  partly  to  the  quality  and  position  of  the  sensory  nerves,  and  psrff 
to  the  peculiar  feeling  that  attends  muscular  contraction  (electrcMini^ 
cular  sensibility). 
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The  feeling  of  muscular  contraction  amounts  iu  some  instances  to 
actual  pain,  so  that  a  parr  which  is  not  richly  supplied  with  sensory 
nerves  amy  \et  be  very  sensitive  to  the  current  This  is  especially  the 
<ase  with  the  sternO'Cleido-mastoid  muscle,  which  on  being  touched 
iiear  its  centre  contracts  witli  a  painful  jerk.  The  same  is  true»  to  a 
less  extent,  of  the  trapezius,  the  flexors  of  the  arm,  and  of  the  pen  nei^ 
Jiniscles.  In  all  parts  where  no  muscular  contractions  are  produced, 
the  sensitiveness  of  the  surface  of  the  body  depends  on  the  quality  and 
position  of  the  sensory  nerves,  and  bears  a  pretty  constant  relation  tci:j 
its  sensitiveness  to  ordinary  mechanical  irritation. 

Thus  it  will  be  observed  that  the  parts  which  are  most  sensitive  to  a 
fc/ow  or  fallj  or  to  any  mechanical  injuiy, — as  the  head,  face,  or  surface 
«^r  the  bones,   clavicle,   sternum,   scapula,  patella,  etc., — are  likewise 
&aia.rked  highest  in  the  scale  of  sensitiveness  to  the  current. 
To  guard  against  error  it  is  necessary — 

s.  To  use  always  the  same  electrode  and  the  same  direction  of  the 
<:^ix»Tent  j  therefore  the  negative  pole  shoidd  be  kept  at  the  feet  during 
t:  l-»  ^  entire  sitting* 

:3.  To  make  the  pressure  of  the  electrodes  uniform,  and  to  moisten  | 
^^•^^^^11  all  parts  supplied  with  hair. 

J.  To  use  the  moistened  hand  for  the  head  and  face.     The  head,  es- 
Mr^^ss-  -^ially,  is  so  exceedingly  sensitive  to   the  faradic  current  that  it  will 
*^^=^*-  ^rdly  bear  a  sufficient  strength  of  current  through  a  sponge  to  make  a 
^^^^^  mnparative  estimate. 

It  will  be  observed  that  only  a  few  parts  are  marked  5 — the  middle 

^^-**^      the  back,  the  outer  surface  of  the  thigh,  and  the  testicles.     The  peri- 

^^  '^^^^um,  which  cannot  be  represented  in  the  cut,  should  also  be  marked 

^  ^  It  will  be  observed  that  the  points  most  highly  sensitive  are  those 

^  "^ere  very  sensitive  nerves  pass  over  the  surfaces  of  bones,  as  the  head 

^*~"^  d  jaws.    Of  the  other  parts  not  represented  in  the  figures,  the  external 

fc^ditory  canal  should  be  marked  i  ;  the  middle  of  the  sternocleido-nias- 

'  id  muscle,  2 ;  the  axilla,  3  ;  and  the  ends  of  all  the  fingers,  2  ;  the 

*^der  side  of  the  penis,  2  j  the  point  between  the  penis  and  scrotum,  4  ; 

te  under  surface  of  the  heel,  the  plantar  arch,  tlie  ball  of  the  foot,  4.   If 

*>e  external  auditory  canal,  drum  of  the  ear,  conjunctiva,  nasal  mucoua 

'  Membrane,  tongue,  and  larynx  were  represented   they  should  be  marked 

^*^-   degree  or  two  higher  than   i,  since  they  are  more  sensitive  than  any 

^^ortion  of  the  surface  of  the  head.     The  best  point  to  test  a  current  of 

^^  jttrerae  feebleness  is  the  tip  of  the  tongue. 

Hke  rectum,  urethra^  and  vagina  are  but  Utile  sensitive  to  the  current 
*^  comparison  with  the  mucous  membranes  of  the  m&uth^  except  at  their 
19 
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external  ori fires*  They  mighi  be  marked  4  or  5*  The  os  uteri  ind  the 
bladder  would  be  marked  4,  5. 

It  should  be  distinctly  understood  that  these  remarks  apply  to  the 
applications  of  the  faradic  current  mth  electrodes  sutlicierjtly  moistened 
to  allow  the  current  to  pass  readily  through  the  epidermis.  In  dry 
faradi nation  die  results  are  somewhat  different,  the  pain  at  all  parts  be- 
ing far  less. 

Farado-sensihility  as  compared  with  Galvano-scnsibiHty, — The  gal- 
vanic current  causes  a  burning  sensation  wherever  it  is  applied  ;  but  this 
is  most  sensitively  fell  at  ihose  parts  that  are  abundantly  sui>plied  by 
sensory  nerves.  This  burning  feeling  increases  with  the  length  of  time 
that  the  current  is  applied. 

The  greater  sensitiveness  of  the  bones  to  the  faradic  current,  as  com- 
jiared  with  the  galvanic  current,  is  due  to  the  greater  mechanical  action 
of  the  former.  An  interrujited  galvanic  current,  of  sufficient  strength 
to  produce  muscular  contractions,  produces  the  same  sensations  as  the 
faradic  current,  with  the  addition  of  the  burning  feeling  at  the  surface 
beneath  the  electrodes.  The  fact  that  the  galvanic  current  is  less  pain- 
ful to  the  surfaces  of  the  bones  gives  it  a  certain  advantage  in  making 
applications  to  the  head,  although  the  pain  of  the  faradic  current,  when 
applied  to  the  head  by  the  moistened  hand,  may  be  reduced  to  a  mini- 
nitini. 

A  Knowledge  of  the  Normal  EiectrO'SensibUity  of  tkt  Body  essenii€ii  in 
Electro-diagnosis  and  Electrotherapeutics. — A  knowledge  of  the  relative 
sensitiveness  of  the  diflfereut  parts  of  the  body  to  the  electric  current 
is  indispensable  both  in  electro  diagnosis  and  electro-therapeutics.  It  is 
at  once  obvious  that  to  determine  by  the  electric  test  the  extent  of  anaes- 
thesia, or  loss  of  electro-muscular  sensibility,  in  cases  of  paralysis*  with- 
out a  previous  knowledge  of  the  norma!  sensitiveness  of  tlie  parts  to  the 
electric  current  and  the  normal  feeling  of  electro-muscular  sensibility  in 
the  affected  muscles,  is  simply  impossible*  From  a  want  of  this  knowU 
edge  \^iy  important  mistakes  are  made  in  eleclro-diagnosis.  In  local 
and  general  faradization  a  knowledge  of  the  relative  sensitiveness  M" all 
the  parts  of  the  surface  of  the  body  enables  one  to  make  an  applies  lion 
which  would  otherwise  be  painful,  and  perhaps  injuric  uf^  botli  painter 
tnd  refreshing. 
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AFPARATUS   FOR   ELECTRO-THERAPIUTICS, 

*H^  general  principles  on  which  batteries  are  constnictcd,  as  wcl 
^  '^^inutc  description  of  some  of  the  best  known  elements,  have  already 
'^  Presented  in  the  section  on  electro-physics.    In  this  chapter  we  pro- 
Y^   to  speak  only  of  those  combinations  of  elements  that  are  used  in 
,  /^^•"o-therapeutics,  and  our  descriptions  will  be  of  a  general  character, 
^^*^H^  reference  mainly  to  the  practical  use  and  caxe  of  them  by  the 
^  ^'^^•'^-iherapeutisL 
^*^CV>re  entering  on   the  description  of  apparatus  a  few  general  re- 
1    ^*^  ^  njay  be  appropriate. 

^  good  batterj*  is  not  all  that  is  necessary  to  make  a  good  elertrn- 
E^^ieutisL 
'^  ^«&re  exists  an  impression,  quite  widely  prevailing  in  the  profession, 
lat^^^g  beginning  and  the  end  of  the  great  science  of  electro-therapeu- 
^"^  ^^S'    to  get  a  battery.     This  impression  has  wrought  much  eviL     It 
^  *^^:;en  tl^e  means  of  leading  physicians  to  invest  time  and  patience 
*^*^oney  in  a  department  for  which  they  have  no  qualification.     The 
pure  i-^,asc  of  a  battery  is    simply  a  first  step  in  the  right  direction  ; 
'*   ^Ihe  beginning  of  a  long  road. 
*^  ^  who  uses  electricity  in  medicine  requires  good  apparatus,  just 
^  ^^  surgeon  requires  good  instruments  and  the  carpenter  good  tools ; 
out  a_^^  tools  cannot  make  a  carpenter,  nor  instruments  a  surgeon,  so  a  bat- 
^  ^^^^-annot  make  one  skilful  in  the  therapeutical  ose  of  electricity.   It  is 
^^^e  battery,  it  is  the  brains,  that  makes  a  good  electro- therapeutist, 
^  ^'  '"The  best  and  most  recent  apparatus  is  not  so  simple  as  to  entirely 

Qisp^fe:  ^^g^  ^,^^jj  ^1^^  need  of  care  and  experience  on  the  part  of  the  physi- 
cian^ 

*  *^^  ^  advance  in  the  construction  of  apparatus  for  electro-therapeu- 
tkC*     ^XMS  been  very  great,  but  not  sufficient  to  make  it  possible  for 
^gJ^^Ac  or  galvanic  apparatus  to  keep  in  order  without  attention, 

tj^st  as  the  fire  in  the  grate  goes  out  unless  the  coil  is  replenished, 
tc^  ^  the  gas  is  extinguished  when  the  supply  is  shut  off,  so  electricity 
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generated  in  a  battery  ceases  to  flow  unless  the  metals  consumed  in  ihi 
chemical  action  are  replaced  or  repaired. 

The  best  and  simplest  of  batteries  will  sornetiiiies  get  out  of  onH 
Unexpected  contingencies  will  arise  that  demand  sosne  knowledge  «i 
applied  electro -physics.  The  knowledge  can  be  obtained  only  by  ^tudf 
and  experience. 

3.  Whatever  choice  we  make  in  our  apparatus  at  the  present  dif, « 
shall  probably  not  make  any  very  serious  mistake.  A  few  years  ago  it  wa 
impossible  to  get  a  really  good  apparatus  for  electro-therapeutics ;  50f 
It  is  almost  impossible  to  get  a  really  bad  one. 

4,  An  apparatus  to  which  we  are  accustomed  is  much  more  tracts  * 
in  OUT  hands  than  a  far  superior  apparatus,  the  management  of  vhiC-  ^ 
new  to  us.  It  is  with  batteries  as  with  babici — every  man  thinks  Ius0«t 
is  the  best.  We  see  the  same  principle  illustrated  in  instruments  (0* 
general  and  special  surgery. 

Tike  Induction  Coil:  Its  Varitties,  and  the  Differential  Indki^^^^ 
far  their  Use. — There  are  in  the  market,  and  in  common  use  m 
physicians,  two  quite  different  forms  of  apparatus.  The  first  isti 
a  separate  coil,  and  the  second  a  eontinmus  er  smgle  coil  appirattJS^ 
The  separate  coil  apparatus  is  the  one  most  commonly  used  and  !•** 
one  most  generally  understood.  The  separate  coil  is  the  variety  ^ 
scribed  and  illustrated  in  every  text-book  of  physics,  but  not  in  suffici^*** 
detail  to  make  clear  its  mechanism  when  used  for  medical  purpos^^ 
The  accompanying  diagram  (Fig.  44)  illustrates  the  course  and  *^ 
fluence  of  the  electric  current  in  an  ordinary  separate  coil  fara*^*^ 
apparatus. 

All  induction  machines  are  composed  of  not  less  than  two  ttf^^ 
The  first  or  primary  coil  consists  of  a  large,  well-insulated  wire  >** 
rounding  a  bundle  of  soft  iron  wire,  which  forms  a  magnetic  ceni^^ 
Over  this  first  or  primary  coil  is  wound  a  coil  composed  of  several  co**' 
volutions  of  fine^  well-insulated  wire  Un  the  induced  current   1^* 
terminals  of  the  first  or  primary  coils  of  wire  are  united,  one  cftd   ^ 
the  battery  that  operates  the  coil,  and  the  other  to  the  part  of  tl* 
automatic  rheotome  according  to  the  following  description.    As  l^*^ 
battery  is  the  important  factor,  let  us  start  from  it  and  follow  the  ^^ 
nections  and  action  of  the  combinations  that  produce  the  effect: 

The  positive  pole  (P)  of  the  battery  is  connected  with  the  govern^ 
marked  A  (Fig.  44).  The  negative  pole  (N)  of  the  battery  is  connect^ 
with  the  first  end  df  the  primary  coil,  while  the  last  end  of  the  pntviaTj 
coil  is  connected  with  the  spring  support  B.  The  electro-motive  ft>fC« 
is  conveyed  from  the  battery  through  the  primary  coil  to  the  spring  ^^f 
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rheotome),  thence  to  the  platina-pointed  screw  of  the  governor 
lastly  to  the  battery,  making  the  cotuplete  circuit. 
e  centre  of  the  coil  and  surrounded  by  the  soft  iron  wires  is 
I  soft  iron  rod.  One  end  of  the  rod  is  bent  at  right  angles,  so 
hammer  on  the  spring  is  directly  over  and  can  move  toward 
:  iron  rod,  marked  C,  When  the  vibrating  spring  is  resting 
the  platina-pointcd  screw  D  and  the  battery  is  connected  with 


^L 


itcr-^ 


IT 


Fir„  44. 


the  current,  as  it  passes  over  the  wire  of  this  primary  coil,  ren- 
ignetic  both  the  centre  bundle  of  soft  iron  wires  and  the  soft 

Hgnetism  is  of  sufficient  force  to  attract  the  soft  iron  hammer 
Kngi  and  draw  it  down  or  near  to  the  magnetized  rod  C. 
iDOvement  of  die  spring  severs  the  coooeclion  between   the 
the  platina*pointed  screw  D  and  opens  the  circuit.     The 
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soft  iron  rod,  therefore^  loses  its  magnetism.     The  spring  ceases  to  » 
held  down,  its  tension  being  sufficient  to  raise  it  to  a  horriontal  posiw 
where  it  again  rests  in  direct  contact  with  the  plalina-pointed  scie*  f' 
Again  ihe  circuit  is  closed  and  the  process  as  <^' 
scribed  is  repeated  with  inconceivable  rapidity,  ^*)f 
the  action  of  the  battery  current,  as  it  is  convc)el 
over  the  primary  coil,  and  the  intlueoce  of  ihc  mj^^ 
netized  bundle  of  soft  iron  wires,  a  current  is  induced 
upon  the  second  coil  of  fine  ^vire  which  surroumls  tHc 
primary  coil    This  power  of  induction  can  be  esuV 
lished  to  the  fifth  and  sixth  coil,  and  furtlier  ifthc  m^- 
netic  field  is  properly  arranged. 

In  the  ordinary  form  of  induction  coil  just  d^ 
scribed,  tlie  terminals  of  the  secondary  or  fine  wuc 
coil  are  free  and  in  no  manner  connected  with  ik 
primary  circuit.  The  influence  of  tnagnetism  pro- 
duces a  current  which  we  call  pure  induced* 

In  the  continuous  coil  apparatus,  on  the  coDtniy, 
we  not  only  receive  the  Inductive  indueoce,  but  iki 
primary  influence  as  well,  since  it  is  carried  ovtfT  b 
i   combination  with  the  induced  currents.     Allhoogli 
^    called  a  continuous  coil,  it  is  really  made  vf  tf 
several  distinct  coils,  and   each  successive  cci) 
creases  in  length  but  decreases  in  thickness.     Tbdi 
coils  are  wound  over  each  other,  and  are  tapised  a£ 
different  portions  of  their  length,  but,  un!*V 
forms,  ihey  make  direct  connection  with  e^ 
This  accounts  for  an  apparent  contradiction  oi 
that  might  prove  confusing, 

These  coils  (Fig.  45)  are,  for  convenience  of 
tration,  represented  by  the  upper  straight  lines  I,  It 
111,  IV,  termed,  respectively,  the  priaiaryp  first, 
ond,  and  third  induction  coils.  The  letters  A,  Br  C 
D,  E  represent  the  different  posts  of  the  continuous 
coil  apparatus  to  which  the  conducting  cords  are  it 
tached,  while  the  numerals  r,  2,  j,  4,  etc.,  indtcsfe 
^^B-iij-^  the  combinations  by  which  are  obtained  ten  diflfcrwt 

j   I  qualities  of  current*     The  short  line  marked  i,  start* 

ing  from  A,  represents  the  current  from  the  sboiV 
thick,  primary  coil  marked  I,  Second  line  (2),  current  from  the  prionff 
and  first  (I^  11)  induction  coils  combined.    Third  line  (3),  curreat 


Fig.  46. 
Faradtc  Machine,  with  a  tip  arrangemem  (Kidder). 
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the  primary  and  first  and  second  (I,  If*  IH)  induction  coils.  Fourth 
line  (4)^  current  from  the  primary,  first,  second,  and  third  (I,  11,  III, 
IV)  induction  coil?.  Fifth  line  (5),  current  from  the  first  (II)  indue* 
lion  coil  only.  Sixth  Unc  (6),  current  from  the  first  and  second  (II, 
III)  induction  coils.  Seventh  line  (7),  cmrenl  from  the  first,  second, 
and  third  (tl,  III,  IV)  induction  coils.  Eighth  line  (8),  current  from 
the  second  (III)  induction  coil  Ninth  line  (9),  current  from  the  sec- 
ond and  third  (III,  IV)  induction  coils  combined.  Tenth  line  (to), 
current  from  the  third  (IV)  induction  coil  only. 

Therapeutical  consid€ratwns.—\^\\^x\  we  consider  the  many  combina* 
tions  that  are  possible  in  the  continuous  coil  apparatus,  and  the  diHerent 
qualities  of  current  that  result  therefrom,  its  general  superiority  over  the 
separate  coil  is  sufficiently  evident;  and  this  supeiiorUy  becomes  more 
marked  if  we  examine  into  the  varied  physical  and  physiological  effects 
produced  by  these  combinations* 

Our  object  of  inquiry^  however,  is  not  as  to  the  relative  merits  of  dif- 
ferent machines,  but  as  to  ihe  comparative  value  of  and  the  dififercniial 
indications  for  the  use  of  the  various  combinations  of  the  continuous 
coil  api^aratus.  This  point  of  inquiry,  although  less  important  than 
when  it  relates  to  the  two  forms  of  dynamic  electricity,  is  yet  of  no  little 
account,  and  in  some  respects  has  been  found  to  be  more  difficult  of 
solution* 

Notwithstandrng  the  many  qualities  of  current  that  arc  derived  from 
the  continuous  coil,  1  have,  alter  much  observation,  reduced  to  three 
the  number  of  combinations  that  seem  to  be  worthy  of  differential  con- 
sideration. 

Every  therapeutic  result  that  can  be  obtained  by  any  of  the  ten  com* 
bi nations  heretofore  considered  will  in  all  probability  result  from  the 
use  of  some  one  of  the  following  : 

1,  The  current  from  ihe  primary  coil,  as  represented  by  the  lioc 
marked  1  (Fig*  45), 

2.  The  current  from  the  primary  and  the  first  and  second  induction 
coils  in  combination,  as  represented  by  the  line  marked  5* 

5.  The  current  from  the  primary  and  the  first,  second,  and  third  in- 
duction cods  in  combination,  as  represented  by  the  line  marked  4, 

The  primary  coil  )ields  a  current  of  large  quantity  but  of  small  ten- 
sion, owing  to  the  fact  that  the  wire  of  which  the  coil  is  composed  is 
short  and  thick.  It  is  worthy  of  note,  however,  that  this  current  has 
considerable  chemical  power.  It  will  bum  iron  or  steel,  giving  forth  a 
bright  detld grating  spark,  and  will  readily  electro-plate,  an  clTect  not 
obtainable  with  any  of  the  induction  coils,  either  alone  or  in  combina- 
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nun  with  each  other  This  current  is  apparently  very  weak,  and  in- 
duces but  slight  muscular  contractions  in  the  healthy  person.  In  occa- 
sional pathological  conditions,  however,  this  miJd  current  acts  with 
unexpected  energ}%  producing  muscular  contractions  far  exceeding  in 
vigor  those  that  are  called  forth  by  the  stronger  action  of  the  inductjon 
coils. 

On  account  of  its  mild  but  efficient  action  the  current  from  the  pri- 
mary coil  is  preferable  for  applications  to  the  head  and  the  more  sensi- 
tive portions  of  the  body,  and  it  will,  as  a  rule,  relieve  pains  of  a  true 
neuralgic  character,  and  especially  when  great  tenderness  exists  along 
the  course  of  the  nerve,  far  more  eflTcctuaily  than  the  current  from  any 
of  the  induction  coib.  It  is  impossible  to  account  for  this  frequently 
observed  fact,  unless  it  be  ascribed  to  a  combination  of  the  battery 
and  the  inductive  influence.  When  dealing  with  an  agent  so  subtle  and 
so  little  understood  as  clectricilyt  it  is  difficult  to  express  one's  meaning 
in  terms  altogether  satisfactory,  but  that  such  a  combination  is  active 
and  effective  is  evidenced  by  the  readiness  with  which  electrolytic 
effects  are  produced.  Asthenopia  is  a  symptom  that  I  have  known  to 
be  greatly  relieved  and  even  cured  many  times  by  electricity,  but  more 
especially  through  the  use  of  the  primary  coil.  The  tired,  aching  eye 
is  both  temporarily  rested  after  each  sitting  and  permanently  strength- 
ened by  continued  treatment.  There  seems  to  be  little  appreciation, 
cither  among  ophthalmologists  or  general  practitioners,  of  the  great 
relief  that  n^ay  follow  this  treatment  in  the  many  cases  where  the  eyes 
ache  severely,  if  used  even  for  a  little  time  before  breakfast  or  at  twi- 
light, or  where  neuralgic  pains  exist  in  or  near  the  eye,  or  where  there 
is  annoyance  from  muscre  volitantes. 

As  we  include  in  the  circuit  with  the  primary  the  various  induction 
coils,  the  current  increases  in  strength  with  each  coil  that  is  added. 
With  the  addition  of  the  first  induction  coil  a  much  greater  strength  is 
apparent,  but  the  combination  has  no  marked  physical  or  physiological 
effects  that  need  detain  us.  By  including  also  the  second  induction 
coil  in  the  circuit,  however  (line  marked  5,  Fig*  45),  we  obtain  a  cur- 
rent of  a  peculiar  and  unique  quality.  Like  the  primary  coil,  it  will 
electro-plate,  but,  unlike  it,  it  will  not  bum  steel  or  iron.  The  pecu- 
liarity of  this  combination  of  the  coils  is  that  the  nraximum  of  power  to 
contract  muscular  tissue  is  here  obtained.  Each  additional  coil  now 
that  is  attached  simply  gives  a  decreasing  contractile  power.  Why  the 
maximum  of  current  strength  is  reached  in  the  combination  of  the  pri^ 
mary  with  the  first  and  second  induction  coils  it  is  difficult  to  say,  ex- 
cepting as  we  ascribe  it  to  the  law  of  hamiony  or  polarisation  that  is 
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brought  about  by 


>erly  conditioning  the  magnetic  centre  of  ihe 
helix,  the  several  coils  composing  the  helix,  and  the  battery  influence 
acting  upon  the  coils.  The  ctirrent  from  this  combination  is  not  at  all 
pleasant ;  it  is  keen  and  cutting  in  character,  and  with  its  strong  con- 
tractile properties  it  is  peculiarly  adapted  to  those  cases  where  power* 
ful  impressions  are  called  for.  Hence  in  not  a  few  cases  of  paralysis 
where  the  response  to  galvanism  is  perfect,  but  where  there  is  a  diminu- 
tion of  farado-muscular  contractility,  I  have  found  it  preferable  to  any 
of  the  other  qualities  of  current  to  be  derived  from  the  continuous  coil 
apparatus. 

In  superhcial  forms  of  anasslhesia  it  is,  perhaps,  in  no  way  supe- 
rior, but  in  certain  persistent  and  more  deeply  seated  forms  of  lost  or 
perverted  sensibility  it  is  decidedly  more  efficacious  than  other  com- 
binations. Its  greater  contractile  power  over  muscular  tissue,  both 
voluntary  and  involunlary,  renders  it  more  efficacious  in  cases  of  men- 
strual suppression,  and  also  for  atrophied  conditions  of  the  uterus,  for 
which  so  much  has  been  done  by  electrical  methods  of  treatment.  In 
cases  of  dysmenorrhcea,  as  well  as  in  the  various  neuralgias,  my  experi- 
ence leads  rue  to  exclude  its  use.  Faradism  has  been  used,  and  with 
success,  to  destroy  the  fret  us  in  extra- uterine  pregnancy.  While  I 
greatly  prefer  the  galvanic  current,  having  always  used  it  without  the 
slightest  ill  effect,  yet  if  the  faradic  is  employed  I  should  not  recom* 
mend  the  current  from  the  coils  now  under  consideration,  but  the  one 
presently  to  be  described ;  for  with  this  latter  form  wc  obtain  effects 
equally  destructive  to  the  fcjetal  life  and  with  less  violence  to  the  con- 
tractile tissues  of  the  mother.  There  are  several  other  differential 
points  connected  with  the  use  of  this  series  which  suggest  themselves^ 
but  they  are  of  minor  importance. 

One  other  condition,  however,  deserves  mention*  Impaired  virility 
is  a  defect  for  which  relief  is  very  often  sought.  Its  influence  upon  the 
mind  is  most  unfortunate,  and  it  should  be  understood  that  electricity 
is  often  of  very  considerable  benefit  in  these  cases.  It  is  sufficient  to 
say  that  no  case  which  is  in  any  way  ho|>eful  should  be  abandoned  until 
the  current  Irom  the  primary  and  first  and  second  induction  have  been 
tried. 

When  we  include  in  the  circuit  not  only  the  primary  and  the  first  and 
secondp  but  also  the  third  induction  coil,  as  represented  by  the  line 
marked  4,  eflfects  are  obtained  more  interesting  and  satiskctory  than 
from  any  of  the  other  combinations. 

These  effects  are  pre-eminently  Ionic  and  sedative  in  character,  and 
give  for  this  quality  of  current  a  range  of  usefulness  wider  than  can  be 
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ascribed  to  the  others.     It  is  in  the  operation  of  general  Caradt2aiioD, 

when  we  desire  to  obtain  the  best  constitutional  tonic  effect  that  elec- 

tndty  is  capable  of  giving,  that  we  resort  to  this  combination  of  the 

primary  and  induction  coils.     Its  action  on  the  motor  and  sentient 

nerves  is  less  severe,  and  its  general  effects  far  more  agreeable.     For 

:  relief  of  that  great  army  of  symptoms  that  are  so  familiar  and  so 

plciing  to  those  who  have  had  much  to  do  with  neurasthenic  cases» 

!ie  is  nothing  to  be  compared  with  it     Even  the  galvanic  current  by 

method  of  central  galvanization^  so  important  in  its  direct  effect 

OD  the  central  nervous  system,  falls  short  of  the  therapeutic  results 

follow  well-directed  applications  of  general  faradization.     VVhcn 

astent  failure  follows  endeavors  along  this  line  of  electrization,  the 

of  failure  must  be  ascribed  to  hasty  and  faulty  methods  of 

nistration. 

ICaSS   FOR  TH£    USS  A3tn   CARS   OF    KIDDKR'S    FARADIC  APPARATUS 

(Fig,  46). 

M  he  directions  that  we  give  under  this  head  will  apply  in  general  to 
1*^  or  nearly  all,  faradic  machines,  and,  therefore,  need  not  be  repealed 
in  Ihc  descriptions  of  other  machines  that  are  illustrated  in  this  volume, 
■^^P^^pire  thi  Apparatus  far  Us€, — Fill  the  glass  jar  with  a  solution 
ot  water  and  sulphuric  acid — one  part  sulphuric  add  to  eight  or  twelve 
parts  waten  It  is  not  necessary  to  be  rigidly  mathematical  in  regard 
°  ^  ^i'^anlity  of  the  sulphuric  acid  The  average  proportion  is  one* 
^**  ^  bill  If  ^^y  range  between  one-stxlh  and  one-sixteenth.  The  jar 
^*^  f  b^  about  two-thirds  filled  with  the  solution. 

^  ^so  necessary  to  put  about  a  teaspoonful  of  quicksilver  tn  the 
[      '^V    ^^is  touches  the  lower  end  of  the  zincs  and  keeps  them  con« 


[sfantly 


Amalgamated.     (See  Electro- Physics,  p.  37.) 


^luicksilver  should  not  be  allowed  to  touch  the  central  plate  of 

_  ^*^,  as  it  may  injure  it.     In  some  of  the  modifications  of  this 

I^^^^^Us  it  is  necessary  to  close  the  prongs  between  one  of  the  brass 

_,  ^^t  is  labelled  and  the  one  in  the  middle  that  has  no  label. 

^  apparatus  is  now  ready  for  action.     If  the  spring  does  not  at 

.^*brale,  give  it  a  slight  stroke  with  the  finger.     If  it  still  refuses 

.j'j^le,  it  may  be  necessary  to  readjust  the  screw*     If  the  spring 

.  ^^     ^\  but  irregularly  or  too  slowly^  the  evil  may  usually  be  remedied 

[^^^iusting  the  screw. 

^^  connect  the  strings  attached  to  the  electrodes  with  the  lettered 
V^*^^  A  is  always  the  positive  pole,  and  B,  C,  and  D  are  always  neg^^ 
^^^  tclaiively  10  A. 
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Ta  dhiinguish  the  Pohs.—\X  is  always  possible  to  distinguish  the 
negative  pole  by  holding  the  electrodes  for  a  moment  in  the  twohaiwU. 
the  one  in  which  the  current  is  strongest  f€ it  is  the  negative  Jn^e. 

If  the  apparatus  refuses  to  go,  or  if  it  stops  at  any  time  while  in  iis«* 
the  cause  may  be  looked  for — 

1.  In  the  scrav  of  the  rkeotome  or  current-breaker.  This  may  not  b^ 
properly  adjusted  The  point  may  be  too  far  from  the  spring,  orio^ 
closely  pressed  upon  it.  This  want  of  proper  adjustment  of  the  scrc*^ 
is  the  most  frequent  cause  of  a  stopping  of  the  machine,  and  of  thcr^' 
fusal  of  the  spring  to  vibrate.  The  spring  may  sometimes  be  corrodc« 
at  the  point  where  the  screw  touches  it, 

2.  In  the  connection  of  the  wires.  The  wires  that  unite  ihe  ^incs  md 
platinum  may  not  be  properly  screwed  at  their  point  of  conncctiou,  or 
may  be  corroded. 

3.  In  the  battery  itself.    The  battery — ^that  is,  the  zinc  and  pUtinuin, 
with  the  solution  in  the  glass  jar — may  get  out  of  order  in  four  ways. 
Firsts  the  solution  may  lose  its  strength.     This  difficulty  may  be  reme- 
died either  by  pouring  in  some  sulphuric  acid,  or  by  making  anenlirtly 
new  solution,  or  by  simply  adding  more  water.    Secondiy,  the  zincs  miy 
become  so  corroded  and  incrusted  as  to  become  incapable  of  gcncraiiuf 
a  current     When  we  have  reason  to  suspect  that  such  is  the  case  « 
should  clean  them  with  an  old  tooth-brush  or  cloth,  or  amalgamate 
them.     When  the  zincs  have  lost  their  amalgam,  local  action  may  take 
place  j  this  will  be  indicated  by  rapid  evolution  of  hydrogen,    Tkirdlj^ 
a  portion  of  the  mercury  may  have  fallen  onto  the  platinum,  und  covered 
it.    When  this  happens,  little  or  no  current  can  be  obtainccL    Fourtkij^ 
the  platinum  and  the  zincs  will,  in  time,  by  hard  and  long  usage^  wear 
out,  and  will  need  to  be  replenished. 

4.  In  the  helix.  It  is  very  rarely  indeed  that  the  helix  of  this  Appt' 
ralus  ever  becomes  so  injured  as  to  become  incapable  of  service,  1^ 
after  we  have  properly  adjusted  the  screw  and  spring,  made  sure  of  the 
connections  of  the  wires,  replenished  the  solution,  and  cleaned  the  zincs, 
the  apparatus  persistently  refuses  to  go,  we  have  reason  to  suspect  thai 
something  may  be  wrong  with  the  wires  that  compose  the  helix.  If 
such  be  the  case  the  evil  can  be  remedied  only  by  the  inventor  himself, 
or,  at  least,  by  someone  practically  familiar  with  the  conslructioD  of' 
helices.  But  we  should  try  very  patiently  and  ]^rseveringly  before 
accept  the  conclusion  that  the  helix  is  thus  out  of  order,  for  it  is  an  K 
dent  of  extremely  rare  occurrence. 

When  no  current  is  fell  at  the  electrodes,  although  the  apparatus  a 
properly,  we  know  that  the  connection  is  broken  somewhere  in  the  in 
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hifd  conducting  wires.     Somelimes  the  union  of  the  wires  with  ihe^ 
electrodes  is  imperfect,  and  oocasionally  the  wire  in  some  part  is  broken, 
Finallyp  the  electrodes  themselves  may  become  very  much  corroded, 
and  may  need  cleaning  before  a  good  current  can  be  obtained. 

To  take  can  of  the  Apparatus.- — When  not  in  use,  the  element  can  be 
taken  out  of  the  solution.  When  the  tip  battery  is  used,  all  that  is  neces- 
sary is  to  merely  turn  over  the  jar.  If  the  element  remains  too  long  a 
time  Id  the  jar  an  incrustation  of  salt  will  sometimes  accumulate  on  the 
top  of  the  zincs,  which  will  need  to  be  brushed  or  washed  ofiT,  This  salt 
is  the  sulphate  of  linc,  resulting  from  the  action  of  the  sulphuric  acid  on 
the  zinc 

We  may  know  that  action  is  taking  place  in  the  battery  when  bub*j 
blcs  of  hydrogen  are  rising  up  by  the  sides  of  the  itinc. 


Fio,  47. 

Faradic  Machine,  separate  coil,  double  cell,  in  box  ( Gal vano- Farad ic  Manufacturing 
Co.),  F  F  (Fig«  48)  are  the  two  elements  of  tine-carbon;  A  A  the  rods  by 
which  the  zinc  is  rained  from^  and  lowered  into,  the  solution;  D  the  hammer, 
and  4  thtf  helix  partly  drawn  out.  These  machines  are  run  by  one  or  two  zinc- 
carboQ  celU  (Walker's  Battery,  see  p,  35,  in  Electro-Physics). 

Methods  of  modifying  the  Current* — The  strength  of  the  current  of 
thb  machine  may  be  modified  in  several  ways,  as  follows  ; 

I.  It  may  be  modified  by  withdrawing  or  pushing  in  the  metallic  tube 
that  covers  the  helix. 

When  this  tube  covers  the  helix  an  indefinite  number  of  branch  cur- 
rents are  induced  io  it  that  interfere  with  the  main  current  and  weaken 
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3.  When  the  current  passes  through  the  body  of  the  operator^  the 
cuirent  may  be  modified  by  increasing  or  diminishing  the  pressure  of 
the  hand  on  the  sponge  connected  with  the  positive  pole,  (Sec  Gen- 
eral Faradization.) 

The  direciwn  of  the  current  can  be  changed,  at  any  time,  by  revers- 
ing the  position  of  the  electrodes,  or  by  reversing  the  conducting  wires 
in  the  posts,  or  by  the  current-reverser,  when  one  is  attached  to  the 
machine* 

The  faradic  machine  represented  in  Fig,  48,  besides  being  of  the 
scparatecoii  variety,  giving  both  the  primary  and  the  secondary  cur- 
rent, has  also  a  very  convenient  contrivance  for  producing  flow  or  rapid 
interruptions. 


.!S 


Far«dic  Machine  (continuous  coil)  (Thomas  Hall). 

The  machine  of  Hall  is  a  neat,  compact  arrangement^  and  gives  a 
very  pleasant  current.  Chromatcd  lead  is  used  for  the  electro-nega- 
tive element.  One -of  the  metals  is  raised  out  of  the  solution  by  a 
very  convenient  spring,  instead  of  the  jointed  rod* 

Magfi€to~El€ctric  Machints.  —  The  magneto-eiectric  (or  so-called 
notary)  machines  (see  Electro-Physics j  p.  61)  are  not  much  used  at 
the  present  day,  and  are  not  ordinarily  to  be  recommended.  They  have 
been  employed  largely  and  indiscriminately,  especially  in  this  country, 
and  have  done  the  cause  of  eJeclro-therapeutics  much  evil     Although 
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the  current  afforded  by  them  is  well  adapted  to  produce  muscular  cod- 
tractions,  and  is  frequently  of  service  in  the  treatment  of  paralyss, 
rheumatism,  and  kindred  disorders,  yet,  for  all  the  wide  range  ofdis* 
eases  in  which  faradic  electricity  is  indicated,  it  is  neither  suffidentlj 
reliable  nor  sufficiently  effective.  In  most  of  the  conditions  of  iniu- 
bility,  in  which  general  faradization  is  most  effective,  this  form  of  elec- 
tricity, as  generated  by  most  of  the  machines,  is  contra-indicated,  m 
account  of  the  rough  and  disagreeable  quality  of  the  current. 

Another  very  prominent  objection  to  most  of  the  rotary  machines 
in  this  country  is,  that  they  require  the  aid  of  an  assistant  lo  turn  ihe 
crank.     This  objection  may  be  met  by  clock-work  attachment    An 
arrangement  of  this  kind  is  employed  by  Dn  Morell  Mackenzie,  d 
London,  in  the  treatment  of  paralysis  of  the  larynx  j  but  even  for  inis 
special  purpose  it  would  seem  to  have  no  advantages,  but  positive  ^ 
advantages,   as  compared  with  a  compact,  convenient,   and  reliable 
electro-magnetic  apparatus  as  described  in  the  preceding  pages, 

M.  Gramme*  has  made  a  magneto-electric  machine  which  furnishes 
a  continuous  instead  of  an  interrupted  current,  which  in  its  effects  re- 
sembles the  ordinary  galvanic  current.  The  machine  consists  of  three 
rings  of  soft  iron,  around  which  is  an  endless  coil  of  copper  ^^re^  Each 
of  these  rings  rotates  between  the  poles  of  a  powerful  magnet,  and  the 
arrangement  is  such  that  the  opposite  currents  in  the  halves  of  each  ring 
form  a  single  continuous  current- 

The  machine  is  turned  by  hand,  and  in  its  large  form  generates  \ 
large  quantity  of  electricity.  It  can  produce  all  the  effects  of  the  ordi- 
nary galvanic  current.  It  makes  platinum  wire  red  hot,  fuses  roetalSi 
and  is  used  in  electro-plating. 

If  this  machine  can  be  reduced  in  size,  and  modified  in  shapc^  it  may 
become  of  value  in  electro-medicine  and  electro-surgery, 

Gaivanic  Affarafus.— The  merit  of  placing  in  the  markeL  in  an 
accessible  form,  convenient  and  reHable  galvanic  batteries  -w^ls  in  this 
country  pioneered  by  the  Galvano- Faradic  Manufacturing  Company 
Before  Yhe  organization  of  this  establishment  the  faradic  machines  of 
Kidder  and  others  had  been  long  in  use,  but  suitable  galvanic  nmchines 
could  not  be  obtained. 

Jfydros/a/. ^The  hydrostat  is  an  admirable  contrivance  for  keeping 
the  fluid  from  spilling  when  the  battery  is  carried  in  a  buggy  or  oa 
long  journey.     It  consists  of  a  rubber  covering  accurately  fitted  on  tl 
top  of  the  cells,  and  we  have  found  it  a  most  trustworthy  arrangemenLi 

*  Altbaus  on  Medical  Electricity,  third  edition,  tS74,  p.  8S. 
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The  zinc-carbon  batteries  are  also  constructed  on  the  same  geoeial 
principle  of  sixteen  and  eight  cells.  The  sixteen-cell  combination  s 
portable^  and  about  as  heavy,  when  charged,  as  a  medium  sized  raliie, 
well  packed. 

The  eight-cell  combination  is  no  heavier  than  a  common  faradic  m^ 
chine,  and  when  well  charged  gives  a  current  of  sufficient  streogih  tor 
many  applications  to  the  eye  and  head. 

This  apparatus  is  called  the  Bartlett  galvanic  battery  (Fig,  51),  Itii 
a  very  convenient  apparatus.    It  has  connected  with  it  a  hydrostat,  which 


Fig.  51. 
Twenty-four  zinc-cftrbon  battery  (Galvano-Famdic  M%.  Co.). 


quite  successfully  prevents  the  spilling  of  the  solution  during  Irtnspof' 
tatron.  The  accessories,  such  as  current  selectors,  commutator,  rheo* 
tome,  etc.,  are  all  attached  to  the  battery.  The  bottom  of  the  hot  tf 
a  movable  tray,  in  which  the  glass  or  hard-rubber  cells  are  placed 
This  movable  tray  is  controlled  by  two  hinged  rods,  which  are  fastcarf 
to  it,  and  these  by  two  lifting-rings  at  the  end  of  the  rubber  tabfc 
These  rings,  being  screwed  tightly  down,  hold  the  cells  firmly  agsis^ 
the  hydrostat,  or,  being  loosened,  allow  the  hydrostat  to  be  rctnoved  ' 
from  the  front  of  the  centre  of  the  box.  They  also  serve  as  handles  to  j 
lift  the  tray  of  cells. 
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Praiiual  Dirtctions  far  thi  Use  of  Zinc-Carbon  Gah^anic  Batteries. 

The  following  directions  will  subBtantially  apply  to  all  or  nearly  all 
forms  of  the  zinc-carbon  battery,  by  whomsoever  manufactured 

How  (he  Battery  is  Constructed  and  Used, — These  batteries  are  com- 
posed of  plates  of  zinc  and  carbon  in  a  solution  of  bichromate  of  potass, 
sulphuric  acid^  and  water.  The  solution  is  contained  in  glass  jars  (hat 
are  raised  up  to  the  plates  of  zinc  and  carbon  by  the  keys  at  the  ends 
of  the  box,  or  by  a  crank.  When  the  jars  are  raised  by  the  keys  to  the 
top  of  the  bux,  turn  the  keys  at  right  angles^  or  turn  the  crank,  and  the 


rn^'r 


'^SeSjJ**' 


2 


CiC^i 


^^i-^- 


Fig.  S3, 


Tliirty-six  l»rge  zinc-carbon  celJ  galvanic  battery,  wiih  circular  switch,  revers«r,  and 
interrupter,  for  of)ite  or  hoJ>pita]  use  (KuJdcr). 

jars  will  stay  in  position,  and  Ihe  battery  is  ready  for  use,  if  the  jars  are 
properly  filled  with  the  solution. 

When  the  battery  is  not  in  use  the  jars  should  be  let  down  from  the 
plates  by  means  of  the  keys.  If  allowed  to  remain  immersed  day  after 
day  the  battery  will  rapidly  lose  its  strength,     (See  Electro- Physics, 

P*  36.) 

Hoiv  to  Charge  the  Battery. — ^The  solution  is  made  in  about  the  fol- 
lowing proportions  :  sulphuric  acid,  i  oz. ;  bichromate  potass,  i  J  oz. ; 


Kic.  S3* 

Eighteen -cell  zinc-carbon  battery  (Ividder). 
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er,  10  oz.     The  best  way  to  make  the  solution  is  to  dissolve  the 
bichrotnatc  of  potash  in  cold  water  and  then  add  the  sulphuric  acid. 
The  mingling  of  the  water  and  sulphuric  acid  causes  great  heat.    Do  not 
$e  the  solution  until  it  is  CO0L    We  had  not  been  able  to  get  any  satis^ 
ctorjr  explanation  of  the  fact  that  solutions  when  hot  injure  the  bat- 
cry,  until  Prof.  Brackett,  of  Princeton,  informed  us  that  from  experi- 
ils  he  made  several  years  ago  he  proved  that  when  the  bichromate 
'  potash  solution  is  used  hot  a  layer  of  ozone  is  formed  on  the  carbon ; 
V\%  at  once  weakens  the  current. 

Lift  out  the  plates  by  the  middle  piece  to  which  they  are  attached, 
ft  up  the  jxrs  by  the  keys  and  fill  each  jar  with  two,  or  three,  or  three 
111  a  half  ounces  of  the  solution*  They  should  be  filled  pretty  uni- 
jrmly,  and  care  should  be  taken  that  no  more  should  be  put  in  than  the 
im  will  hold  after  the  plates  are  immersed. 
Mow  A?  Chan  the  Battery  and  Amalgamate  the  Zincs. — Every  few 
cs  or  roooths,  according  to  the  extent  to  which  the  baitery  is  used, 
;  win  be  necessary  to  wash  the  plates  and  scrape  off  the  exudation  and 
Micw  ihc  solution,  or,  at  least,  to  add  more  acid  or  water,  and  anialga- 
ice  the  zinc  The  ehrame  alum  that  collects  in  the  bottom  of  the  jars 
tc  El ectro- Physics,  p,  36)  and  becomes  very  hard  can  be  softened  by 
llowtng  warm  water  to  stand  in  the  jars  for  a  time,  and  then  loosening 
lie  deposit  w*ith  any  sharp  instrument.  A  good  way  to  amalgamate 
^  is,  take  a  strip  of  zinc,  dip  it  in  a  solution  of  sulphuric  acid 
•;r,  then  dip  it  in  mercury;  the  mercury  will  adhere  to  and  run 
^cr  it ;  then  rub  up  over  the  surface  of  the  zincs  of  the  battery  until 
are  wcH  covered  with  mercury.  During  the  process  of  amalgam  a- 
I  ibc  jiincs  should  be  kept  well  moistened  with  a  solution  of  sulphuric 

and  water.  (See  Electro- Physics,  p*  ^t.) 
fffw  t0  teil  the  Strength  of  the  Current, — Those  who  have  no  galva- 
etcr  can  tell  whether  the  current  is  running  and  how  strong  it  is  by 
ilting  one  pole  in  the  hollow  of  the  hand  and  the  other  between  the 
itnb  and  forefinger  The  poles  should  be  wet  with  salt  water  or 
uplc  warm  water*  Those  who  have  been  accustomed  only  to  the 
3isy  and  violent  faradic  (induced)  current  will  be  disappointed  to  find 
lat  this  galvanic  current  causes  only  a  slight  burning  sensation^  with  no 
shocks  except  when  interrupted.  A  current  that  is  scarcely  felt  when 
applied  in  the  hand  may  be  too  strong  to  apply  to  the  head,  or  face, 
?r  i»eck*  The  greatest  mistakes  are  made  by  using  the  galvanic  current 
strong. 
Mew  to  distinguish  the  Poies.-^Th^  current  is  felt  strongest  at  the 
rrr-AiivE  i»oLE.     When  both  poles  are  dipped  in  a  solution  of  iodide 
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of  potassium,  the  brown  color  of  the  iodine  appears  at  the  Fosmvi 

POLE. 

Fig.  54  represents  a  new  and  remarkably  compact  and  tfho^ 
chloride  of  silver  battery,  made  by  John  A.  Barrett,  of  New  Yort 
The  elements  of  the  cell,  as  shpwn  lo  the  left  of  the  batter^*,  arc  fine 
and  chloride  of  silver.  The  cell  is  but  three  inches  long  and  one  ioci 
in  diameter,  and  when  combined  in  a  series  yields  a  current  absolotcJf 
constant  in  character.  The  battery  does  not  waste  when  not  in  i]se,tt 
the  zinc  and  chloride  of  silver  are  insoluble  in  the  fluids  and  ts  unb&i* 
cnced  so  long  as  the  circuit  is  open.     It  has  a  pecuniary  advantage,  k 


Fig.  s4. 
Chloride  of  silver  battery. 


that  the  chloride  of  silver,  becoming  in  time  reduced  to  pure 
silver,  may  be  removed  and  exchanged  for  new  chloride  of  silver  | 
at  moderate  cost     The  electro-motive  force  of  each  cell  is  a  fractioil| 
over  one  volt. 

The  Cabinet  Battery,* — A  little  more  than  a  year  ago  it  was 
gested  to  the  Galvano-Faradic  Manufacturing  Company  the  possibnitfj 
of  arranging  a  combination  of  sixty  or  more  Siemens- Halske  cleracntti 
of  moderate  size,  in  such  a  way  that  all  the  cells  and  all  the  connect] 

•  Some  changes  have  been  made  in  the  form  of  this  battery  siaoc  ibe  Usl  { 
but  the  general  principles  of  its  construction  remain  the  fiuoi. 
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and  appliances  should  be  contained  in  a  small  movable  desk  or  bureau. 
The  suggestion  was  made  in  the  belief  that  all  the  supposed  or  real  ad- 
vantages of  the  combinations  of  large  cells  that  are  usually  placed  in 
cellars  or  basements^  and  connected  by  wires  with  the  operating  room, 
could  be  secured  at  far  less  trouble  by  a  simple,  convenient,  and  acces- 
sible arrangement,  in  which  many  of  the  difficuhies  connected  with  re- 
moval, cleaning,  and  overhauling  should  be  reduced  to  a  minimum* 

In  the  roughest  possible  manner  a  general  plan  of  a  bureau  with 
drawers  and  cover  was  drawn,  and  it  was  further  suggested  that  it  would 
be  well  to  have  a  current-selector,  current -reverser,  rheostat,  and  gal- 
vanometer interposed  in  the  circuit,  and  that  the  appliances  should  all 
be  in  a  plane  surface  at  the  top  ;  and  that  the  drawers  containing  the 
cells  should  be  so  made  that  they  could  be  easily  taken  out  whenever 
necessary  to  inspect  and  replenish  the  battery.  We  thought  little  more 
of  the  matter  until  some  time  after,  when  the  Company  called  our  atten- 
tion to  the  fact  that  they  had  completed  a  battery  which  they  called  the 
Cabinet  battery,  and  which  is  represented  in  Fig.  55, 

Tlic  Cabinet  battery  is  so  simple  that  a  very  brief  description  of  it 
will  be  sufficient.  The  Siemens- Halskc  cell  is  merely  a  modification  of 
Danieirs  cell.     It  consists  of  a  small  cylinder  of  glass,  attached  at  the 

Itom  to  a  cylinder  of  porcelain.  In  this  cylinder  is  placed  a  coil  or 
ibbon  of  copper,  and  a  little  water.  Outside  of  this  cylinder  is  a  cylin- 
der of  zinc,  and  the  space  between  it  and  the  outer  glass  jar  is  sawdust 
on  the  top,  and  at  the  bottom  powdered  papier-mach6  packed  closely, 
and  wet  with  water  slightly  acidulated  with  sulphuric  acid.  The  object 
the  sawdust  and  papier-mache  is  to  hold  the  fluid  and  avoid  spilling 

d  to  make  the  action  of  the  battery  gentle  and  uniform.  A  cork  is 
placed  in  the  cylinder  so  as  to  prevent  mingling  of  the  fluids  of  the  outer 
^jUld  the  inner  cells. 

These  cells,  like  all  modifications  of  Daniell's  cells,  are  very  con- 
stant ;  that  is,  they  give  a  steady  and  uniform  current,  and  can  be  used 
for  a  long  time  without  recharging.  It  is  necessary,  now  and  then,  to 
drop  a  little  water  into  the  inner  cylinder  to  make  up  for  the  loss  by 
evaporation,  and  to  put  in  a  few  pieces  of  sulphate  of  copper;  this, 
however,  can  be  very  easily  done  by  pulling  out  the  drawers  and  re- 
moving the  corks.  Each  cell  is  about  the  size  of  an  ordinary  tumbler. 
There  are  three  drawers,  each  containing  twenty  cells. 

The  metallic  connections  of  the  cells  are  made  at  the  back  part  of 
the  drawer,  and  arc  completed  when  the  drawer  is  well  pushed  in.  On 
the  top  of  the  bureau  are  the  current-selector,  by  which  one  cell  or 
tsxty  cells  can  be  brought  into  the  circuit ;  the  cuirent^reverser ;  the 
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shorUcoil  galvsmonieteri  for  indicating  the  presence  and  direclionof  lie 
current  merely,  and  the  hydro-  or  water  rheostat*  for  gradually  incrtai- 
ing  or  diminishing  the  strength  of  the  current. 

The  water  rheostat  is  the  perfection  of  neatness  and  convcaictice, 
and  is  differently  arranged  from  any  that  we  have  seen.  The  waters 
contained  in  a  small  case  or  cup,  with  a  glass  top.  By  turning  t  stiiail 
brass  disk,  connected  with  a  brass  lever,  a  small  or  large  area  of  the 
water  can  be  brought  into  the  circuit.     Besides  ail  the  appliances  for 
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the  galvanic  current,  this  Cabinet  battery  also  provides  the  faradu^, 


rent.     Two  Leclanchd  cells  in  the  upper  drawer  arc  connected 


^iib 


a  continuous  coil  and  interrupter,  on  the  right  hand  of  the  top  of  ^^ 
bureau.   The  faradic  current  can  be  increased  or  diminished  by  pull^ 
out  or  pushing  in  a  metallic  rod  in  front  of  the  top  piece* 
The  advantages  of  this  Cabinet  combination  are  these  : — 
I.  //  is  very  easily  moved  and  managed.     The  whole  Cabinet,  CO**' 
taining  sixty  cells,  the  electrodes,  connections,  etc.,  for  both  currtDts* 
and  the  cover  to  place  over  the  top,  is  but  three  feet  high  and  icvcft* 
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teen  inches  broad.  It  is  placed  on  casters^  and  can  be  easily  moved 
from  one  ward  of  a  hospital  to  another  ward,  or  about  the  room»  by  one 
person,  as  easily  as  an  ordinary  centre* table.  The  combinations  of 
Danieirs  cells  are  generally  v*laced  in  the  cellar,  and  the  apparatus 
throughout  is  permanent,  and  when  the  physician  wiFhes  to  move  his 
office  the  labor  of  resetting  the  battery  is  very  great.  This  combina- 
tion, without  taking  out  the  drawers,  can  be  transported  bodily  from 
one  house  to  another  as  easily  as  any  bureau  the  drawers  of  which  are 
filled  with  heavy  goods. 

Although  the  battery  will  probably  go  for  years  without  thorough 
overhauling,  yet  occasional  inspection  and  refilling  will  be  required, 
and  can  be  very  easily  performed. 

2,  It  gives  a  constant^  uniform^  ami  steady  current ;  and  is^  therefore^ 
^^iier  adapted  for  the  treatment  of  irritable  and  sensitive  conditions  than 
^A^  smalt  I  cits  of  the  ordinary  portable  batteries. 

This  advantage  it  shares  with  all  modifications  of  Daniell's  battery. 

*^t%^  explanation  of  the  constancy  and  steadiness  of  the  current  from 

^^^se  combinations  of  DanielTs  cells  is  found  in  the  fact  that  on  ac- 

^^^^^«-^nt  of  the  feebleness  of  the  sohition,  and  the  interposition  of  the 

^'^^^^ '■^ous-cell,  the  chemical  action  is  slow  and  uniform,  with  no  inter- 

fctions  or  even  variations.     In  the  single  zinc-carbon  cells  the  solution 

^ery  strong,  and  the  chemical  action  very  vigorous ;  the  plates  are 

*idly  polarized  ;  the  density  of  the  solution,  and  with  it  the  inter- 

.  resistance  of  the  battery,  is  continually  changing  as  a  result  of  the 

-orous  chemical  action,  and  consequently  the  strength  of  the  current 

t  only  diminishes  after  a  protracted  use  of  the  battery,  but  //  varies 

t>m  moment  to  moment. 

"^^  ibe  potential  quantity  of  electricity  may  be  the  same  in  a  conibina- 

n  of  single  zinc-carbon  cells  as  in  a  combination  of  sawdust  Daniell's 

"ils,  and  may  even  be  far  greater ;  but  there  is  great  dilTerence  in  the 

^idity  with  which  they  evolve  it.     For  short  work,  such  as  is  required 

powerful  electrolytic  operations,  the  single  zinc-carbon  cell  is  far 

eferable  to  the  Daniell,  for  the  reason  that  the  quantity  of  electricity 

at  it  generates  in  a  short  time,  say  half  an  hour,  is  very  much  greater 

^^an  a  similar  number  of  Daniell' s  cells  would  generate  in  the  same 

^  %ne.     This  Cabinet  battery  is  therefore  not  a  good  batter}^  for  elec- 

^olysis,  and  we  never  attempt  to  use  it  in  any  important  electrolytic 

^-^perations.     In  experimenting  with  it  we  find  that  it  causes  but  a  very 

^^eble  decomposition  of  iodide  of  potassium,  or  chloride  of  sodium, 

-^  t  could  not  indeed  be  otherwise ;  in  electrolysis,  as  everywhere,  force 

^nswen  to  force ;  the  amount  of  chemical  action  Qutside  of  the  cell — 
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electTol3fsis — must  be  proportioned  to  the  amount  of  chemical  action 
inside  of  the  cell.  In  the  Daniell*s  cell  the  chemical  action  is  very  $b« 
and  feeble ;  hence  the  electrolysis  it  causes  is  slow  and  feeble,  bm  tt 
is  constant  and  steady  ;  it  does  not  give  out  so  much  electricity  b  id 
hour  as  the  single  zinc-carbon  cell,  but  it  continues  to  give  it  out  loog 
after  the  zinc-carbon  cell  is  exhausted. 

Two  men  have  each  a  thousand  dollars — one  spends  recklessly,  rap- 
idly, and  extravagantly,  and  in  a  few  days  is  penniless ;  the  other 
spends  regularly  and  slowly,  and  uniformly,  one  dollar  each  day,  and 
makes  his  thousand  dollars  last  a  thousand  days.  The  single  zinc-car* 
bon  cell  makes  an  extravagant  battery  ;  but  in  electrolysis  extravagifice 
is  needed,  and  besides  ihe  solurion  can  be  removed  from  the  plates, so 
that  no  action  can  take  place  when  the  battery  is  not  needed.  The 
Danieirs  cell  makes  an  economical  battery,  since  it  spends  slowly  and 
regularly,  even  though  it  is  kept  constantly  immersed.  Hence  its  ad* 
vantage  in  the  treatment  of  the  neuralgic,  the  hysterical,  and  the  ner- 
vously exhausted,  who  in  some  cases,  at  least,  require  to  be  treated  with 
feeble,  mild,  steady,  and  painless  currents.  The  current  from  these 
DanielPs  cells  is  less  painful  than  the  current  from  small  and  active 
cells,  for  the  reason  mainly  that  it  is  more  uniform. 

The  notion  entertained  by  some,  that  these  large  double-cell  batter- 
ies send  a  larger  quantity  of  electricity  through  the  body  than  small 
cells,  is  at  war  with  Ohm*s  law,  and  has  no  foundation  in  experience* 
The  resistance  of  the  body  is  so  great  in  comparison  with  the  internal 
resistance  of  the  batteries  that  it  makes  but  little  di0erence  in  regafd 
to  the  quantity  of  electricity  that  flows  through  the  body  whether  the 
cells  are  large  or  small  As  a  juatter  of  fact,  the  small  single  zinc-car- 
bon cells,  or  even  the  ordinary  Smee's  cell,  give  larger  quantity  of  elec- 
tricity for  a  short  time  than  the  large  Daniel I's  cell.  (Sec  Electro* 
Physics,  pp.  66-84,) 

The  arrangement  in  Fig,  56  is  very  light,  compact,  and  portable; 
The  cells  are  quite  small,  and  of  course  need  refilling  more  frequently 
than  larger  cells.  The  cord  spools  (S  S)  arc  convenient  contrivances 
for  winding  up  the  cords  when  not  in  use. 

These  batteries  are  made  also  of  ten,  twenty-four,  and  forty  cells. 

The  combination  in  Fig.  5  7  embraces  both  the  faradic  and  the  gil- 
vanic  currents,  sixty  zinc-copper  cells — and  a  rheostat.  The  same  cjofl 
that  furnishes  the  faradic  current  can  also  be  enclosed  in  the  dfccit 
of  the  galvanic  current  so  as  to  form  a  rheostat.  Connected  with  the 
apparatus,  on  a  board  in  front  of  it,  is  a  current-rcvcrser,  a  current* 
interrupter  J  and  a  galvauoscope* 
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Tlie  faradic  current  is  supplied  by  a  contimious  coil  with  many  wind- 
ings, and  gives  a  very  pleasant  current. 

These  batteries  (Fig.  58,  p.  317)  are  of  twelve,  or  twenty-four,  or 
thirty-six  cells.  The  general  construction  of  the  Leclanche  cell  has 
already  been  described  in  Electro  Physics. 

Curt  W.  Meyer  also  manufactures  a  combination  of  LeclanchC*'s  cells 
Itbat  is  conveniently  portable,  and  is  said  to  be  quite  enduring.  These 
i.D  Leclanche  cells  are  not  as  enduring  as  those  of  a  larger  size,  and 
'  when  freqently  used  must  be  frequently  cleaned^  like  the  zinc-carbon 
L  batteries. 


Fig.  56. 

Portable  galvanic  battery,  twenty  zinc-carbon  cells  (Drcscher). 

J^ainef  Battery. — Prof,  George  W.  Raines,  of  Augusta,  Georgia,  has 
I  described  *  a  jjorlable  galvanic  battery,  composed  of  strips  of  zinc  and 
\  platinttm,  united  by  copper  strips  in  the  shape  of  the  letter  V  inverted. 
These  rinc  and  platinum  strips  thus  united  are  passed  through  holes 
made  in  a  rubber  plate,  beneath  which  is  a  square  trough  of  rubber, 
divided  into  forty-nine  compartments  or  cells.  These  cells  contain  the 
acid  solution,  which  can  be  raised  to  the  metallic  strips  so  as  to  immerse 
them*  The  whole  battery  is  about  the  weight  of  a  No.  4  faradic  ma- 
chine of  the  Gal vano- Faradic  Co.'s  manufacture. 

Gdivano meters  or  Galvanoscopes^ — The  general  principles  on  which 
galvanometers  are  constructed  have  been  already  described  (Electro* 
Physics,  p.  4a). 

*  SeuHitJic  American^  September  28,  187a. 
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A  fonn  of  rheostat  verj  well  known  to  electro-physiologlsts  and 
plectro-therapcutists  is  that  of  Siemens,  and  introduced  into  electro* 
[lerapeiitics  by  Brenner  in  his  researches  on  the  ear.     The  unit  of 
itemen^  is  a  column  of  mercury,  one  metre  long,  with  a  transverse  sec* 
of  one  square  millimetre  at  52°  F.     The  rheostat  may  contain 
^plio  or  2, too  units.     The  metallic  blocks  or  pieces  on  the  top  are 
Itached  to  insulated  coils  of  wire,  which  in  their  length  correspond  to 
Uic  numbers  i>  2»  3»  4»  5»  ^»  7«  «^c,,  10,  20^  30,  40,  50,  60,  etc,  loo, 
200,  300,  400,  eta,  marked  over  them.     At  the  central  end  of  each  divi* 
«on  of  the  5tar-sha|ied  top-piece  there  is  a  hole  for  receiving  the  stop- 
When  aU  the  stoppers  are  inserted  in  the  division  marked  0| 


:**.---? 
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Fi«^  61. 
n^iij*  Si<fp^^Rhe(fttat. — On  the  circle  B,  the  metallic  disks  are  numbered  by 
tu&its^  from  o  to  10;  on  the  circle  C,  Ity  lens,  from  o  to  too;  cm  the  circle  D^ 
by  iiundreds,  from  O  to  1,000.  To  use  the  rheo«tat«  connect  the  irire  A  with  one 
ckf  the  poles  of  the  battery,  and  the  wire  E  with  one  of  the  electrodes  ;  in  this 
way  the  redstaaccs  of  the  rheostat  are  included  in  the  circuit,  coo&titutuig  what  is 
called  a  **  let&ndary  chrure,^'* 

rc  is  no  resistance  in  the  rheostat^  and  the  current  goes  directly 
gh  it,  and  not  at  all  through  the  body  of  the  patient^  for  the  rea- 
that  metal  conducts  electricity  very  much  better  than  the  body, 
when  it  has  a  choice  it  will  take  the  path  through  the  best  con* 
lactor. 
When,  now,  the  stoppers  are  inserted  so  that  some  of  the  coils  of  wire 
collected  with  the  divisions  of  the  top-piece,  say  those  marked  5,  50* 
*5oo,  arc  brought  into  the  circuit,  the  current  will  have  to  overcome  not 
jonly  the  resistance  of  the  n^etallic  connections,  but  also  the  resistance 
'  550  Siemens'  units,  represented  by  corresponding  lengths  of  copper 
c,  and  by  preference  much  more  of  the  current  will  pass  through  the 
dj.    If  all  the  resistances^  1,110  or  2,100  units,  are  interposedf  most 
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of  the  current  passes  ihraiigh  the  body*  If  all  the  stoppers  are  removed, 
a  part  of  the  current  goes  through  the  rheostat. 

Rheostat  of  Mayer  &*  Wo!ff\ — Afayer  &  WolflT,  of  Vienna,  have 
constructed  a  simple  form  of  rheostat — a  wooden  box  containing  coils 
of  wire  corresponding  to  I1605  Siemens*  units. 

Hydro-rheostat  [water  rheostat^  or  itquid rheostat), — For  all  the  prac- 
tical puqjoses  of  electro-therapeutics,  even  for  the  most  delicate  appLi- 
calions  to  the  most  delicate  organs,  as  the  ear,  eye^  etc,  the  common 
water  rheostat — or,  as  it  is  sometimes  called,  hydro-rheostat,  or  liquid 
rheostat — ^is  sufficiently  precise,  and  in  convenience  is  incomparably 
superior  to  the  stopper  rheostats. 


Fig.  di. 
Hydro-Rheostat  (Galvano-Faradic  Manufacturing  Co.), 

The  water  rheostat,  represented  in  the  cut,  is  simply  a  column  of 
water,  interposed  in  the  circuit,  and  so  arranged  that  the  distances  be- 
tween the  extremities  of  the  metals  that  close  the  circuit  through  the 
water  can  be  increased  or  diminished  at  pleasure. 

The  precision  that  physiologists  and  physicians  obtain  by  the  use  of 
the  stopper  rheostat  is  more  apparent  than  real,  A  study  of  Ohm's 
law  will  show  that  the  quantity  of  electricity  that  flows  through  the 
body  in  any  electrical  application  depends  not  alone  on  the  nature  of 
the  conducting  wire»  and  the  number  of  cells  employed,  but  also  on  the 
nature  of  the  electrodes,  the  quality  and  degree  of  moisture  in  them, 
the  stmoiinl  of  pressure  used,  their  distance  &om  each  other^  and  the 
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part  of  the  body  that  is  treated.  Those  who  are  paiticular  to  state  the 
number  of  cells  employed^  and  the  number  of  units  interposed,  are 
therefore  much  less  precise  than  they  suppose  ;  for,  beskles  all  the  quali- 
fications just  given,  the  strength  of  even  the  most  constant  cells  varies 
more  or  less  from  time  to  time  (see  chapter  on  Ohm's  Law,  pp.  66-84). 
Re|>orts,  therefore,  that  contain  in  full  detail  the  number  of  elements 
employed,  and  the  number  of  units  interposed  in  ihe  circuits,  are  appar- 
ently, but  not  really,  precise ;  the  careful  physiological  researches  on 
deftnite  and  very  limited  portions  of  tissue,  the  statement  of  the  kind  of 
cell  employed,  and  the  number  of  them  and  the  number  of  resistances 
of  the  rheostat  interposed,  may  convey  an  approximate  idea  of  the 
strength  of  current,  and  thus  may  be  of  service  to  other  investigators, 
but  in  the  very  nature  of  things  they  cannot  be  accurate.  In  the  ordi* 
nary  applications  of  electro-therapeulics,  unless  it  be  limited  electroly- 
^K      sis,  we  oftentimes  state  the  number  and  kind  of  cells  employed,  but 

I  al 
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Fig.  63. 

(JmTersal   Bandleft   for  Electrodes,   with   Interrupter — insul&ted   (Galvano-Faradlc 

Manufacturmg  Co,). 


always  with  the  implied  proviso  that  we  are  suggesting  approximate  and 
not  mathematical  iruih. 

So  far  as  producing  delicate  shades  and  grades  of  sensation  is  con- 
cerned, the  water  rheostat,  when  properly  constructed  and  adjusted,  is 
fully  as  trustworthy  as  the  stopper  rheostat,  and  far  more  convenient 
for  the  operator.  A  rheostat  of  some  form,  though  not  indispensable 
in  electrical  applications,  is  yet  a  great  convenience,  and,  especially  in 
central  galvanization  and  in  local  galvanization  of  the  nerve-centres,  a 
%'ery  great  convenience.  In  ordinary  peripheral  applications,  unless  it 
be  to  very  sensitive  parts,  the  rheostat  is  not  retitiired. 

Electrodes, — Of  the  many  varieties  of  electrodes,  we  shall  describe 
those  only  that  arc  practically  useful. 

The  peculiarity  of  these  handles  (Fig.  63)  is/that  there  is  no  exposed 
metallic  surface,  the  connection  being  made  at  the  ci&sed  ends.  A  dis- 
advantage of  these  electrodes  is  that  they  can  be  used  only  with  one 
conducting  wire,  to  which  they  are  permanently  attached. 
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Fig.  64. 
Long  Sponge  Electrode. 


Fig.  65. 
Our  electrodes  of  various  sizes 
in  graduated  series,  to  be  at- 
tached to  universal  handles 
(Kidder  and  Galvano-Faradic 
Manufacturing  Co.). 


Fig.  66. 
Hard    Rublw  Handk 
and      Electrode,    with 
Interrupter  (Kidder). 


r  iG.  67. 
Plain   Wooden   Sponge-holder, 
with  Sponge  attached  (Kidder). 


Fig.  68. 
Small  Sponge  Electrode  (Kidder^ 


••^ 


Fig.  69. 
Duchenne's  Electrode. 


Fig,  70. 

Rockwell's  Brass    Ball    Electrode   foi 

General  Faradization  (Kidder). 


A  large,  sofl  sponge,  loosely  folded  about  this  ball,  makes  the  mosl 
convenient  possible  electrode  for  general  faradization. 
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These  adjustable  electrodes,  which  are  made  of  several  diffcrcxH 
bbes,  have  long  been  to  us  indispensable.  They  can  be  fastened  by 
means  of  a  simple  cloth  band  to  any  part  of  the  body,  and  kept  there 
as  long  as  may  be  necessary. 

In  diseases  of  the  skin,  in  rheumatism,  in  sprains,  and  in  tumors,  and 
in  all  cases  where  it  is  desired  to  keep  the  electrode  long  in  one  spot, 
they  are  most  convenient.  A  second  advantage  w^iich  they  have,  is, 
that  they  can  be  passed  easily  under  the  clothing,  thus  saving  much 
undressing  on  the  part  of  the  patient 

These  adjustable  electrodes  can  be  covered  with  a  sponge,  which  can 
be  sewed  through  the  hole  at  the  edge,  or  what  is^veiy  much  better, 
with  electrode  covers,  to  be  hereafter  described. 

We  use  these  adjustable  electrodes  in  central  galvanization,  galvaxj- 
tzation  of  the  cervical  sympathetic,  and  brain  and  spine,  and  in  a  large 
variety  of  peripheral  applications.  In  some  applications,  as  in  central 
galvanization,  one  electrode  is  adjustable,  while  the  other  held  by  the 
patient  is  of  the  ordinary  form  with  a  handle.  We  do  not  much  uie 
tlie  bands  that  accompany  them,  preferring  to  hold  the  electrode  in 
position  by  allowing  the  clothing  of  the  patient  to  rest  against  it,  or 
having  the  patient  hold  it,  by  a  little  pressure. 

hi  galvanization  of  the  sympathetic,  for  example,  the  adjustable  elec- 
trode  can  be  easily  placed  under  tlie  collar  at  the  back  of  the  neck, 
and  kept  there  by  the  pressure  of  the  clothing. 


'-^efCdS^tl:* 


Fig.  73,  Fig.  74. 

Beard'i  Adjustable  Electrotlc — $maJl        Flannel  Cover  for  Adjustable  Eke* 

size — wiib  flannel  cover,  trode — snudl  siie.. 

These  flannel  covers  are  provided  with  elastics  in  their  edges  so  All 
they  remain  in  position  when  put  on  the  electrode,  and  are  easily  slipped 
off  and  on.  They  can  be  washed  like  towels,  and  the  expense  of  mak* 
ing  them  is  so  slight,  that  a  large  number  can  be  kept  constantly  oo 
hand*  Another  advantage  of  these  flannel  covers  is  that  the  current  ii 
more  painfully  felt  through  them  than  through  sponges,  and  hence  there 
is,  while  using  them,  less  liability  to  give  too  strong  currents.  We  birre 
long  been  accustomed  to  use  these  covers  in  all  central  applications  of 
the  galvanic  current 
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pressure  of  the  thumb,  without  the  intervention  of  a  slide,  or  any  conk'' 
|jlex  arrangement  whatsoever. 

The  letter  D  represents  the  button  of  the  spring,  by  pressing  whlch^ 
Uie  current  is  Interrupted  or  reversed*  Pressing  it  lightly ^  tnkmfti 
the  current ;  pressing  it  fimily,  reverses  it. 


Fig,  8o, 
Beard^s  Current-Reverscr,  with  flexible  dectrode^ 

In  the  vertical  section  of  the  hard  rubber  handle,  A  A  is  represented* 
15  springing  up  aja;ainst  the  metallic  plate  on  the  upper  and  inner  s*^" 
face  of  the  handle.     Pressing  this  slightly  down,  metallic  connection  »-* 
broken  and  the  current  is  interrupted ;  pressing  it  finnly  down,  t^ 
connection  is  made  and  reversed  2X  B  B,  the  metallic  plate  on  thelo*^ 
surface  of  the  handle, 

C  represents  the  wires  that  connect  with  the  battery,  enclose^io^^ 
rubber  tubing  E. 

F  and  G  are  flexible  wire  electrodes  armed  with  sponges  ;  they  r 
be  separated  several  inches  and  kept  there,  or  put  close  together  ^ 
represented  in  the   cut.     The  advantages  of  this  are    these : — t,  Jb 
many  of  the  applications  of  localized  electrization  this  neat  and  siflsp^ 
arrangement  saVes  considerable  expenditure  of  muscle  on  the  part  d 
the  operator.     One  hand  can  be  perfectly  free  while  the  other  b(to 
and  guides  the  electrode.     In  electrizing  the  muscles  of  the  hand  and 
ami,  and  of  the  face  especially,  it  is  far  more  convenient  than  to  use 
separate  electrodes, 

2.  In  cases  of  paralysis  of  motion  and  of  sensation,  where  wJWf 
alternatives  are  sometimes  indicated,  tliis  is  the  easiest  conceivalile 
metiiod  of  reversing  the  current. 
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UnpclarUahU  EUttrodts. — It  is  wcU  knovm  to  clectro-physiologist« 
that,  in  consequence  of  the  cleclrolylic  changes  that  lake  place  during 
the  passage  of  a  current  from  the  electrodes  to  the  body,  a  change 
takes  place  at  the  surface  of  the  electrodes,  by  which  a  new  electrical 
action  is  set  up  that  to  a  certain  extent  interferes  with  the  main  current 
and  also  causes  pain.  Electrodes  thus  affected  are  called  polarized^ 
(See  Electro-Physics,  p.  31.) 

t>r.  Hitzig,^  of  Berlin,  has  devised  electrodes  in  which  this  secondary 

electrical  action  at  the  surface  does  not  take  place ;  to  these  he  has 

given  the  name  unfalarizabU  electrodes.     These  are  made  unpolariza- 

^  by  a  solution  of  sulphate  of  zinc.     By  the  courtesy  of  Dr.  Hitzig, 

'c  were  enabled  to  test  them  while  in  Berlin,  and  were  favorably  im- 

P^^ssed  with  their  action.     The  pain  produced  by  stable  galvanization 

I*  Sometimes  very  disagreeable,  and  by  these  electrodes  it  was  certainly 

ditnirished.     They  can  be  used  several  hours  without  exhibiting  any 

Polarization.     The  subject  of  unpolarizable  electrodes  had  previously 

fcceivcd  the  attention  of  Regnauld,  Matteucci,  and  Du  Buis-Reyniond. 

'^uhhir  Covers  for  Conducting  Wires, — ^The  conducting  wires  con- 

■ccdtig  the  electrodes  with  the  apparatus  are  covered  with  silk ;  they 

^^y  be  slill  further  insulated  by  flexible  rubber.     We  have  long  been 

^^sionicd  to  use  these  rubber  covers,  and  are  much  pleased  with 

wem.      If  t[^c  rubber  is  properly  prepared  it  will  not  injure  the  silk 

^^'ering  beneath  it.    Some  electro-therapeutists  have  rubber  coverings 

B^  ciigerent  color  for  the  two  poles,  thus  affording  a  ready  means  of 

^**^'*gtushipg  them, 

I  Ck^^  ^j  Ehctr^dis. — ElectrcKtherapeutics  is  a  series  of  details ;  and 
^^g  the  more  important  of  these  details  is  the  care  of  the  electrodes. 
chemical  action,  even  of  the  secondary  coil  and  faradic  current,  is 
cient  to  corrode  any  metal  that  is  used,  except  platinum  ;  and  plati- 
*w  electrodes  are  rarely,  if  ever,  used  except  in  electrolytic  operations. 
'^  copper  plates  used  at  the  feet  in  general  faradization  become  more 
o^  i«^  corroded,  and  require  occasional  cleaning  in  order  to  keep  them 
^^SHt*  All  the  general  and  special  electrodes  of  all  kinds  require  oc- 
^^onal  polishing  with  sand-paper,  emery-paper,  or  whiting.  It  is  an 
•^tvnjiage  to  have  the  electrodes,  as  well  as  the  batteries,  nickclized, 
^  ai  to  reduce  corrosion  to  a  minimum. 

The  sj)onges  that  are  attached  to  the  electrodes  need  to  be  frequently 
washed  in  warm  water,  and  those  that  are  much  used  should  be  occa- 
sionally disinfected  with  chlorinated  solutions.     It  is  better,  however, 

*  r«ber  die  Anwcndang  uDpoIarii>lJ'bftreT  ElectrodcD  in  dcr  Elteclrotherapie.     Bet^ 
ijiscr  KJinisJue  Wochcn&chrift,  iS67)  No*  89. 
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to  tnake  delicate  and  particular  patients,  especially  ladies,  supply  te 
own  sponges.  But  a  physician  who  has  a  large  general  or  special 
practice  will  find  it  very  diflicult,  if  not  impossible^  to  keep  a  \ii^ 
assortnieut  of  electrodes,  sponges,  and  electrode  covers  always  s«pi- 
rate ;  and  hence  it  becomes  necessary  to  treat  many  of  the  palicnJi 
with  the  same  electrode.  To  meet  this  difficulty  we  devised  liie  elec- 
trode covers,  elsewhere  described.  These  can  be  thrown  off  witli  every 
application  and  washed  weekly,  like  towels.  The  expense  and  labor  of 
making  them  is  so  slight  that  some  electro-therapeutists,  after  using 
Ihem  a  few  limes,  cast  them  aside  entirely. 

European  Batteries. — For  the  sake  of  our  European  readers,  wc  gi^c 
very  brief  descriptions  of  a  few  of  the  batteries  that  arc  at  the  prc>eft 
dale  most  used  by  European  electro-therapeutists.  All  who  consittt 
this  book — Americans  as  well  as  Europeans — may  find  it  of  intercsiro 
compare  the  workmanship  of  the  different  countries,  A  fact  which  fuch 
a  comparison  constantly  suggests  is,  that  all  advanced  and  active  elcctrol- 
ugists  in  all  countries  have  realized  the  same  dillicuUies  and  wants  of 
the  specialty,  and  have  sought  to  overcome  them  by  similar  or  nearly 
similar  methods,  and  nearly  all  have  in  a  greater  or  less  measure  suc- 
ceeded. On  the  whole,  witli  special  advantages  or  disadvantages  on 
both  sides,  the  American  batteries  for  the  faradic  current,  the  g^lvai^^ 
current,  and  for  the  galvano-cautery,  are  superior  to  the  Europcm' 

Meyer  and  Meiizer*s  Faradic  Machine. — This  is  enclosed  in  a  siuiH 
mahogany  box,  six  inches  high,  three  and  a  half  inches  deep,  ant!  5^^ 
inches  wide  (Fig.  8i).  It  is  run  by  a  ztnc-carbon  celL  The  priniif) 
and  secondary  currents  are  obtained  without  shifting  the  position  of  tiie 
wires. 

Stohrcr's  Faradic  Machine. — ^This  well-known  separate-coil  Diaciiin«» 
which  is  run  by  a  zinc-carbon  cell,  is  widely  used  in  Europe, 

Duchenni s  faradic  apparatus  is  of  the  separate*coil  variety;  ^t** 
inferior  in  portability  and  convenience  to  many  other  European  as*^" 
as  to  the  American  machines.     It  is  run  by  a  Bunsen's  cell. 

Legendrt' s  faradic  apparatus  is  popular  in  France,  on  account  erf  i^ 
l>ortability  and  cheapness, 

Gaiffe's  faradic  apparatus  is  very  portable,  and  gives  a  fair  strcnj^ 
of  current.  He  has  made  two  forms  of  faradic  machines,  one  run^ 
a  chloride  of  silver  element,  and  the  other  by  a  sulphate  of  mercufF 
clement. 

*  For  the  electrotypes  of  the  cuts  tlmt  accompany  these  descripllons  of  the  %^ 
a{>parati]i»  we  arc  indebted  to  the  kindness  of  Dr.  AUhaus.  The  de»criptioiis  ir^  cov 
dea^  frum  the  third  ediiign  of  hi&  treatise  oa  Elcctritiity. 
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^  Baii-Rtymond  s  far  a  die  apparatus^  or  **  skdge,'*  as  it  is  called, 
I  by  an  element  of  Grove  or  Hansen.     It  is  provided  with  a  "gal* 
Ickey"  for  opening  and  closing  the  circuit  at  pleasure.     The  ma- 
tes of  Benedict  and  of  Sienicns-Halske  are  modifications  of  that  of 
^is-Reymond. 

truger  &  Hirschmann,  of  Berlin^  have  constructed  a  good  faradic 
tljbe,  which  is  run  by  a  Leclanche  element.    It  is  arranged  for  slow 


fiapid  mtemiptions. 


Fig.  Si. 
Meyer  and  Meltzer's  Karodic  MRcbinc 


far  as  we  are  able  to  learn,  none  of  these  machines  have  any 
"^1  advantages  over  those  of  American  manufacture  previously 
**^bed,  and  some  of  them  are  much  inferior  to  the  most  recent 
^Hcan  improvements. 

^^Anr's  ZifU'4:ari}on  Galvanic  Battery. — ^Dr.  Emil  Btohrer,  of  Dres- 
» U  the  pioneer  in  the  art  of  making  convenient  and  trustworthy 
'^nic  apparatus  for  electro-therapeutists.  He  makes  combinations 
riuiccarbon  cells,  both  portable  and  non-portable.     He  was,  we  be- 


330 


APPARATUS   FOR   ELECTRO-THERAPEUTICS. 


lieve,  the  first  to  devise  convenient  and  simple  current-reverscrs  and 
current-selectors.  These  batteries  have  the  disadvantage  of  all  zinc- 
carbon  batteries,  that  the  carbons  are  friable.  Tney  also  polarize 
rapidly,  though  not  so  rapidly  as  Smee*s  cell,  and  if  the  plates  arc  kept 
long  in  the  solution  the  current  becomes  very  weak* 

Becker- Afuir head  or  SiemensMeidinger  Siaiionary  Gahanic  BaJ- 
ter}\ — This  battery,  which  is  highly  praised  by  Alihaus,  consists  of 
fifty  modified  Daniell's  cells.  No  acid  is  used  in  it,  but  only  water  for 
the  2inc  surface  and  sulphate  of  copper  for  the  copper  surface.  The 
cells,  which  are  quite  large,  are  kept  down  cellar,  and  contained  in  two 
boxes.     The  advantages  of  this  battery  are,  that  on  account  of  no  acid 


FtG.  8a. 

MmUmpercmeter  {Wnitc  &  Bftrtletl), 


being  used  the  chemical  action  is  very  feeble,  and  polarization  is  re* 
duced  to  a  minimum ;  and  that,  like  the  Cabinet  battery,  on  account 
of  Its  steadiness  of  action  it  is  better  adapted  for  nervous  and  irritable 
patients  than  the  small  batteries. 

The  MiUiamperemeier  (Fig.  82)  is  the  best  instrument  now  in  use 
for  measuring  the  strength  of  the  galvanic  current.  These  instruments 
are  registered  up  to  forty  mi  lit  amperes.  The  resistance  of  the  coU 
used  is  200  ohmSf  and  the  readings  accurate. 
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TA^  object  of  localized  tUdrhmtion  is  to  confine  the  direct  action  of 
the  current^  so  far  as  possible^  to  some  particular  part  of  the  body* 

This  is  accomplished  by  placing  electrodes  so  that  the  current^  in 
passing  from  one  to  the  other,  shall  chiefly  traverse  only  that  particular 
Part  thai  is  to  be  affected. 

Both  currents  may  be  localized  in  this  way,  hence  the  division  of 
localized  electrization  into  localized  faradization  and  localized  galvani- 
sation. 

The  scientific  use  either  of  localized  galvanization  or  faradization 
^^guires  as  accurate  as  possible  preliminary  diagnosis  of  the  disease. 

In  cases  of  doubt  it  is  necessary  to  electrize  in  succession  all  the 
Suspected  localities  until  the  results  of  treatment  show  conclusively 
t-liat  we  have  hit  upon  the  seat  of  the  disease.  AccordingU\  in  obsti- 
■ifcAte  or  doubtful  cases  the  head,  the  cervical  sympathetic,  and  the 
^pine,  and  in  some  instances  the  uterus  or  organs  of  the  abdomen,  are 
^o  be  successively  electrized. 

In  the  very  numerous  cases  of  doubt  also,  when  the  locality  of  the 
disease  cannot  be  ascertained,  as  well  as  in  conditions  of  irritation 
"^ivhere  electrization  of  the  seat  of  the  disease  will  not  be  borne,  peri- 
pheral applications  alone  are  frec:|uently  of  decided  service.     For  peri- 
pheral applications  both  the  galvanic  and  faradic  currents  are  used  ; 
^or  central  applications,  chiefly  the  galvanic.     In  some  diseases,  as,  for 
^ixample,  locomotor  ataxia,  in  certain  stages  it  is  belter  to  treat  the 
prominent  symptoms,  as,  for  example,  the  anaesthesia,  than  the  seat  of 
the  disease  m  the  spine. 

Instruments  for  Localized  Electrization. — In  lo  call  zed  electrization 
the  game  galvanic  and  faradic  apparatus  are  used  as  in  general  electri- 
sation. For  localized  electrization  in  all  its  modifications  there  are 
needed  a  variety  of  electrodes  of  different  shapes  and  sizes,  to  reach 
the  various  localities  and  accomplish  the  dlHerent  indications. 
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Of  the  electrodes  there  are  three  general  forras  :  the  their  it  hand ; 
the  metallic  brush;  solid  futtals  and  metals  covered  with  sponge 
flannel^  linen^  or  chamoisy  thoroughly  moistened. 

Dry  or  Cutaneous  Faradization. — To  accomplish  dry  faradi/atton 
the  portion  of  the  skin  over  which  the  application  is  to  be  made  should 
be  wiped  thoroughly  dry,  or,  what  is  better  still,  sprinkled  with  some 
absorbing  powder,  as  the  counnon  nursery  powder ;  and  the  applica 
tion  may  be  made  with  the  dry  hand  of  the  operator,  or  with  metallic 
electrodes. 

In  dry  faradization  with  the  hand  there  is  heard  a  peculiar  crackling 
sound,  which  is  caused  by  the  sparks  tliat  take  place  as  the  current 
passes  from  dififerent  points  of  tlie  hand  to  the  skin. 

When  the  dry  hand  is  osed»  the  operator  passes  the  current  through 
his  own  person,  one  of  the  electrodes  applied  to  some  near  point  by 
an  assistant,  or  held  in  tlie  hand  by  the  patient  himself*  Solid  metallic 
electrodes  of  various  shapes  may  be  used  for  dry  electrization. 

Dry  electrization  by  the  metallic  brush  with  a  strong  current,  faradic 
or  galvanic,  is  a  very  painful  method  of  application,  and  is  to  be  re- 
sorted to  only  in  those  cases  where  there  is  profound  cutaneous  anaes- 
thesia or  in  neuralgia.  In  all  cases  where  there  is  great  sensitiveness 
the  hand  is  to  be  preferred  to  any  form  of  artiticial  elettrodes. 

Electric  Aloxa. — ^The  so-called  electric  moxa  is  produced  by  using  a 
metallic  brush,  plate  or  point,  and  one  moistened  electrode.  The  dry 
electrode  is  rapidly  touched  to  the  surface  where  the  moxa  is  to  be 
made,  while  the  other  is  kept  firmly  applied  to  some  near  and  in- 
different point.  The  surface  of  the  skin  may  previously  be  rubbed 
very  dry,  or  sprinkled  with  some  absorbing  powder. 

The  operation  requires  a  current  of  some  strength,  and  is  exceed- 
ingly painful.  It  is  chiefly  employed  as  a  counter-irritant  in  neuralgia, 
in  which  affection  it  is  frequently  successfnl.  The  electric  moxa  may 
also  be  produced  by  means  of  two  metallic  brushes,  one  of  which  is 
pressed  on  the  skim 

Electrization  with  Moistened  Electrodes^ — When  it  is  desired  to  alTect 
the  tissues  lying  beneath  the  epidermis,  it  is  better  to  use  electrodes 
covered  with  sponge,  chamois,  or  tiiannel,  thoroughly  moistened  with 
salt  water  or  ordinary  water,* 

The  size  and  shape  of  the  electrode  employed  must  be  modified  ac- 
cording to  the  situation  and  sensitiveness  of  the  part  where  the  current 

*  In  faradization  we  never  or  but  rarely  use  salt  b  the  water ;  in  gaWaniiatioii 
[|  is  sometimes  a  great  advantage,  because  it  makes  the  current  more  painfollj  fdC 
And  thus  preveuts  the  use  of  tro  ttrong  currents. 
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is  to  be  localized^  and  also  by  the  sensitiveness  of  the  patient.  As  a 
rule,  small,  finely-pointed  electrodes  are  required  for  localized  faradi 
ration  of  single  muscles,  larger  electrodes  for  large  muscles,  or  groups 
of  muscles,  and  those  with  the  largest  surface  for  galvanization,  of  the 
sympathetic,  brain  and  spine. 

When  the  current  is  localized  by  means  of  moistened  electrodes,  il 
diffuses  itself  through  the  body  between  the  electrodes  in  various  di- 
rections. The  extent  of  this  diffusion  will  be  variously  modified  by  the 
situation  of  the  electrodes  and  the  structure  and  relation  of  the  parts 
that  lie  between  them  (see  Electro- Physiology).  It  is  manifest  also  that 
the  density  of  the  current,  other  conditions  being  tlie  same,  will  be  great- 
est near  the  electrode  and  least  at  the  farthest  point  between  them.  T/te 
strength  of  the  current  being  the  same,  small  electrodes  are  more  painful 
than  those  with  a  broad  surface^  and  metallic  more  than  the  wet  spongi 
0rfliinncL  The  leaf^t  painful  form  of  artificial  electrode  is  a  soft  sponge, 
with  a  broad  surface,  and  well  moistened. 

Direct  and  Indirect  Electrization. — Two  general  methods  of  localized 
electrization  are  recognized — the  direct  and  the  indirect.  In  direct  elec- 
trization the  application  is  made  over  the  muscle  to  be  excited.  In  in- 
direct electrization  the  application  is  made  to  the  nerve  which  supplies 
the  muscles.  In  the  former  method,  large  electrodes  are  preferred  ;  in 
the  latter,  usually  those  which  are  small  and  pointed.  The  faradic  cur- 
rent is  best  indicated  for  direct  electrization,  and  the  galvanic  for  indirect. 

The  points  where  the  motor  nerves  enter  the  muFcles  are  called 
"motor  points.*'  They  have  been  carefully  demonstrated  and  located 
by  Ziemssen  and  ourselves. 

Definition  of  7Vr/wx.— In  stable  applications  both  electrodes  are  kept 
in  a  fixed  position. 

In  labile  applications  one  of  the  electrodes  is  moved  or  glided  over 
the  surface  ;  sonietimes  both  of  the  electrodes  are  moved  simultaneously, 

A  current  is  C2\\^^  continuous  wiien  it  is  allowed  to  flow  in  one  direc- 
tion without  interruption.  Only  the  galvanic  current  can  be  continuous, 
since  the  faradic  is  always  in  a  condition  of  interruption. 

A  current  is  called  interrupted  when  it  is  broken  by  removing  one  of 
the  electrodes,  or  by  some  form  of  current-breaker  in  the  electrode,  or 
by  any  method  of  breaking  the  circuit.  The  faradic  current  is  always 
interrupted  by  its  rheotome,  but  it  may  be  still  further  interrupted  by 
removing  one  of  the  electrodes. 

A  current  is  called  uniform  when  it  remains  of  the  same  strength 
during  the  applications  of  the  electrodes, 

A  current  is  called  by  us  increasing^  when  its  strength  is  graduaU) 
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augmented  tlunng  the  applications.     This  method  possesses  a  great  1 
vantage  in  treating  conditions  of  irritation  and  inflammation.      It  maf ' 
be  used  with  both  galvanization  and  faradization.      A  much  more  pow- 
erful current  can  be  borne  when  its  strength  is  gradually  increased  than 
when  it  is  suddenly  let  on  in  full  force  with  the  first  closure  of  the  cir- 
cuit, as  is  usually  the  custom  with  the  majority  of  electro-therapeutists. 
A  current  which  when  suddenly  closed  may  cause  unbearable  paiuj  and^  i 
when  applied  near  the  nerve-centres,  may  induce  dizziness  and  faintness^  ; 
may  oftentimes  be  borne  without  discomfort  and  with  positive  advantage 
if  it  is  gradually  increased  from  a  very  mild  current.    With  the  faradic  < 
current  a  mild  anaesthesia  is  produced.* 

Increasing  currents  are  indicated  in  applications  to  the  brain,  sympa- j 
thetic,  spinal  cord,  the  eye  and  ear,  urethra,  inflamed  joints,  and_ 
all  conditions  of  great  irritation  in  any  part  of  the  body* 

The  faratlic  current  (of  Kidder's  apparatus)  may  be  increased' 
slowly  withdrawing  the  metallic  tube.  To  gradually  increase  the  gal*' 
vanic  current,  a  rheostat  of  some  kind  is  needed.  The  galvanic  current 
can  also  be  increased  by  an  arrangement  that  gradually  adds  lo  the  num- 
ber of  elements  without  intcrru]ning  the  current,  or  when  a  sponge 
electrode  is  used,  by  slowly  increasing  the  pressure.  fl 

The  term   voltaic  alternatives  is  applied  to    those  applications  in " 
which  the  direction  of  the  current  is  reversed  continually,  while  the 
electrodes  are  kept  firm.     The   current-re  verse  r  is  a  very  convenient 
instrument  for  producing  voltaic  alternatives  (see  p.  324). 

For  electrization  of  muscles,  labile  or  stable  interrupted  currents  are 
preferred.  For  electrization  of  the  head,  spmal  cord,  sympathetic,  and  j 
nerve-tracts  and  plexuses,  stable  continuous  currents  are  indicated,  andj 
these  again  may  be  either  uniform  or  increasing*  Labile  or  stable 
ternipled  currents  are  best  adapted  to  produce  muscular  contractions, ' 
and  cause  most  potent  physical  and  mechanical  effects,  while  stable 
continuous  currents,  whether  uniform  or  increasing,  produce  the  strong- 
est electrolytic  or  catalytic  action. 

In  cases  where  the  electro-muscular  contractility  is  not  greatly  di- 
minished, it  is  an  advantage  to  use  electrodes  i^ith  a  broad  surface,  B 
since  thereby  several  motor  points  may  be  influenced  simultaneously,  ■ 
together  with  a  considerable  extent  of  muscular  tissue,  and  because 
they  are  less  painful  than  small  electrodes.      In  such  cases  the  faradic 
current  is  preferable. 

When  the  electromuscular  contractility  is  very  greatly  diminished,  as 

♦  See  an  article  on  Faradic  Aniestbem,  by  Dr.  A  T  ripier,  of  Paris,  in  Archtves  o' 

Electrohgy  and  Neurotomy,  May,  1S74 
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10  frequently  happens  in  paralysis,  contractions  are  best  produced  by 
sinail,  hiiely  poinicd  electrodes,  applied  at  the  motor  points  of  the  in* 
dividual  muscles ;  yet  even  here  electrodes  of  moderate  size  are  usually 
preferable.     Such  cases  often  require  the  galvanic  current. 

Details  of  AppHcaiwns  of  Localized  Electrisation. 

Galvanhation  of  the  Central  Nervous  System.— It  is  necessary  to  beai 
in  mind  at  the  outset,  that  to  produce  powerful  electrolytic  effects  on 
the  brain,  spinal  cord,  and  sympathetic,  the  galvanic  current  is  prefer- 
able to  the  farad ic,  ai though  the  faradic  current  certainly  affects  the 
Dcrve-centres, 

Galvanization  of  the  Head, — ^The  head  may  be  electrized  in  a  variety 
trf  ways,  according  to  the  supposed  seat  of  the  disease.  One  pole  may 
be  placed  on  the  forehead  and  the  other  on  the  occiput ;  or  both  poles 
may  be  placed  over  the  ears,  or  on  the  mastoid  processes.  Another 
method  which  we  frequently  adopt  is  to  place  the  positive  pole  on  the 
summit,  over  the  supposed  organ  of  firmness,  and  the  other  at  the  oc- 
ciput, or  under  the  chin. 

To  affect  the  base  of  the  brain,  the  electrodes  may  be  placed  on  or 
behind  the  mastoid  processes.  To  confine  the  action  to  one  side  of 
the  brain,  one  electrode  may  be  placed  on  ihe  forehead,  over  the  eye, 
and  the  other  on  the  mastoid  process  of  the  same  side.  The  patient 
may  hold  one  of  the  poles  in  the  hand*  StiU  another  method  less  used 
is  to  place  an  electrmle  on  each  temple. 

Less  dizziness  is  caused  if  the  current  is  opened  and  closed  with  the 
Xtositive  than  with  the  negative  pole.  It  is  well,  therefore,  to  first  apply 
the  negative  pole. 

Less  dizziness  is  caused  when  the  current  flows  through  one  side  of 
the  head,  or  from  the  forehead  to  the  occi[)iit,  than  when  it  is  sent  from 
one  side  to  tlie  other,  through  the  mastoid  processes  (see  Electro- 
:i*hysiology,  p.  113). 

The  use  of  some  kind  of  a  rheostat^  so  as  to  avoid  interrupting  the  cur- 
rent or  giving  sudden  **  shocks  "  on  closing  and  openings  is  almost  indis- 
^cnsatde  in  electrizing  the  brain  and  neck.  With  regard  to  the  direction 
of  the  current,  it  is  usually  better  to  place  the  negative  pole  nearest  the 
aeck,  and  the  positive  pole  nearest  the  forehead.  But  this  nile  is  liable 
to  many  exceptions,  and  each  case  must  be  studied  by  itself* 

Electrization  of  the  head  produces  flashes  of  light  through  irritation 
of  retina,  and  dizziness,  which  with  many  is  disagreeable*     If  the  ap- 


*  See  remarks  on  polar  effects,  p.  I03« 
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plication  is  too  long  continued,  headache  and  mson^*rjia,  and  gcDoi 
malaise^  may  result  Patients  whom  a  short  application  thiough  "^ 
head  benefits,  are  sometimes  injured  when  the  stance  is  protractd 
Galvanization  of  the  head  should  be  made  with  broad  electrodest  with 
a  stable  airrent,  which  may  be  either  uniform  or  increasing,  and  slioiiM 
not  exceed  from  one-half  a  minute  or  three-quarters  of  a  rainatc,  tt 
five  or  ten  minutes,  and  with  a  mild  current. 

To  all  these  rules  in  regard  to  the  strength  of  currents  there  aitti* 
ceptions.  There  are  cases  of  even  very  delicate  patients  that  mllbdl 
almost  any  amount  of  electricity  through  the  head  and  neck. 

Galvanization  of  the  Cer-ctcal  Sympathetic. — The  portion  of  the  sviJi- 
pathetic  to  which  galvanization  is  chiefly  directed  for  therapeutical  p 
poses  is  the  cervncal,  although  the  cephalic,  thoracic,  and  atxiomW 
ganglia  are  unquestionably  aflfected  by  it,  though  not  with  so  specific 
demonstrable,  and  immediate  results.  ' 

There  are  a  number  of  methods  by  which  the  superior,  middle,  ^ 
inferior  cervical  ganglia  may  be  demonstrably  affected  by  the  galvja* 
current 


Fig.  83, 
GaWanimtion  of  the  Cervical  Sympathetic 

I.  One  electrode  with  an  oblong  extremity  is  placed  in  toe  aunc*^ 
maxillary  fossa,  while  the  other  with  a  larger  surface  is  applied 0^ 
or  by  the  side  of  the  sbcth  and  seventh  cervical  vertebne  (see  Fig-95'* 

The  second  electrode  may  also  be  applied  at  any  point  along  wj* 
spine,  from  the  occiput  to  the  coccyx.  It  is  by  this  method  thaidipl«?^ 
contractions  are  usually  produced  with  most  success. 
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2.  The  first  electrode  being  placed  as  before,  in  the  auriculo-m axillary 
fossa,  the  other,  with  a  surface  of  moderate  diameter,  is  applied  just 
ftbove  the  manubrium  sterni,  by  tlie  side  of  the  sterno-cleido -mastoid 
muscle  (see  Fig*  96). 


'm\ 


Fig.  84. 

Galiranization  of  the  Cemcal  Sympathetic,  including  the  Pneumogastna 


The  second  electrode  may  also  be  applied  higher  up  in  the  neck,  op 
posite  the  middle  cervical  ganglion. 

The  above  are  the  two  methods  which  have  been  most  frequently  em- 
ployed.    Other  methods  are  the  following. 

3*  The  first  electrode  being  placed  as  before,  the  other  may  be  ap- 
plied on  the  shoulder,  elbow,  or  in  the  hand  of  the  opposite  side»  or  in 
the  axilla. 

4-  Both  sides  may  be  galvanized  simultaneously,  by  placing  an  elec- 
trode over  the  mastoid  processes. 

5.  One  electrode  is  placed  just  above  the  manubrium  sterni,  and  the 
other  at  any  point  down  the  spi'ie. 

6.  One  electrode  is  placed  over  the  sixth  and  seventh  cervical  verte- 
bn-e,  and  the  other  over  the  brachial  plexus,  at  the  pit  of  the  stomach, 
just  above  the  manubrium  sterni,  in  either  hand,  or  at  the  feet. 

In  all  these  methods  either  direction  of  the  current  may  be  used,  ac- 
cording as  calming  or  irritating  effects  are  desired  (see  p.  281). 

Concerning  the  physiological  effects  of  galvanization  of  the  sympa- 
thetic see  Electro-Physiology,  p.  128. 

Applir'»tions  to  the  sympathetic  should  be  made  from  one  to  ten 

38 
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minutes,  and  with  from  five  to  twenty-five  cells.  Several  methods  ma) 
be  tried  at  a  single  sitting  in  cases  where  the  applications  are  well 
borne. 

Bearing  in  mind  that  in  all  such  attempts  to  galvanize  the  cervicJ 
sympathetic,  the  pneumogastric  and  spine  must  be  more  or  less  influ- 
enced, the  general  indications  for  the  use  of  this  method  of  treaonent 
to  which  experience  would  seem  to  point  are  these  : — 

1.  Cerebral  anaemia  and  hyperaemia.  These  conditions  are  associated 
^ith  and  are  a  part  of  a  large  variety  of  diseases.  Insomnia^  hemiplegia, 
tic  douloureux,  many  diseases  of  the  eye  and  ear,  as  neuro-retinitis,  ner- 
vous deafness  and  tinnitus  aurium,  are  all' more  or  less  associated  with 
cerebral  anjemia,  hyperaemia,  and  all  have  been  treated  by  galvanization 
of  the  cervical  sympathetic,  with  more  or  less  success. 

2.  Disorders  of  the  vaso-motor  nerves.  Under  this  head  may  be  in- 
cluded some  cases  of  deficient  circulation,  cutaneous  hyperaesthesia,  and 
certain  diseases  of  the  skin. 

3.  Functional  diseases  of  the  digestive  and  genital  apparatus.  Gal- 
vanization of  the  sympathetic  in  these  conditions  seems  to  work,  partly 
at  least,  by  reflex  action,  and  partly,  also,  by  the  influence  which  tiic 
spinal  cord  and  pneumogastric  receive  during  the  applications. 

It  is.  scarcely  necessary  to  remark  that  the  excluswe  use  of  galvanl* 
zation  of  the  cervical  sympathetic  is  indicated  only  in  exceptional  cases. 
It  is  to  be  employed  in  connection  or  alternation  Avith  general  faradiza- 
tion and  galvanization  of  the  brain,  spinal  cord,  and  periphery.  A  note- 
worthy advantage  of  this  method  of  treatment  in  those  cases  for  which 
it  is  of  service  is  the  comparatively  short  time  required  for  its  employ- 
ment. 

The  objection  that  galvanization  of  the  cervical  sympathetic  is  a 
dangerous  procedure  will  be  considered  in  the  chapter  on  central  gal- 
vanization. 

Galvanization  of  the  Spine. — The  spine  maybe  electrized  by  placing 
one  electrode  at  the  occiput,  and  the  other  at  the  coccyx.  One  of  the 
electrodes  may  be  kept  in  situ,  while  the  other  is  slowly  passed  up  and 
down  the  entire  length  of  the  cord.  Either  ])ole  may  be  passed  up  and 
down  in  this  way  according  to  the  effect  desired. 

The  current  may  also  be  localized  in  any  part  of  the  spine  that  niay 
be  required,  by  giving  the  electrodes  the  proper  position.  The  appli- 
cations may  be  made  with  ten  cells  and  upwards,  and  should  not  usually 
exceed  ^y^  or  ten  minutes.  The  applications  should  be  sensitively 
felt,  like  a  gentle  mustard  plaster,  but  should  not  be  excessively  pain 
ful,  like  a  blister. 
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Eie^trUatwn  of  Plexuses^  Nerves^  and  Muscles. — Plexuses,  nerves, 
and  muscles  are  treated  by  both  currents  (see  chapter  on  differentia. 
andications  for  the  use  of  the  galvanic  and  faradic  currents). 

One  electrode  may  be  applied  to  a  plexus  and  the  other  to  one  of  its 
branches,  or  to  a  muscle  or  group  of  muscles.  Both  electrodes  may  be 
applied  to  the  nerve,  or  one  to  the  nerve  and  the  other  to  a  mascie ;  or 
l)oth  may  be  applied  to  a  muscle  or  group  of  muscles.  All  these  appli- 
cations may  be  made  either  with  or  witliout  regard  to  the  direction  of 
the  current,  and  different  methods  may  be  tried  at  the  same  stance. 

In  all  the  positions  described  in  the  above  cuts,  contractions  should 
be  produced  with  mild  faradic  currents,  when  the  electrodes  arc  in  tlie 
position  represented.  If  very  strong  currents  are  necessary  or  no  con- 
tractions^  are  possible^  the  muscles  are  in  a  condition  of  disease. 

Peripheral  applications  are  indicated  where  the  disease  is  purely  of  a 
peripheral  character;  the  partly  central  applications  are  indicated  where 
the  disease  is  of  a  central  origin. 

Labile  intemipted  applications  are  indicated  where  it  is  desired  to 
produce  mechanical  effects  or  muscular  contractions,  as  in  anaesthesia 
and  paralysis. 

Stable  continuous  applications  are  indicated  where  it  is  desired  to 
produce  electrotonic,  chemical,  or  catalytic  effects^  as  in  neuralgia, 

Benedikt*  makes  the  following  somewhat  over-rehned  subdivisions 
of  the  methods  o{  galvanization  of  the  centre  and  periphery  : 

Spinal-cord  current :  both  poles  are  placed  on  the  spine,  either  near 
together,  or  at  some  distance  from  each  other. 

Spinal-c or d-root  current :  one  pole  is  placed  on  the  spine,  and  the 
other  is  passed  «p  and  down  by  the  sides  of  the  vertebrae. 

Spinal'cord'plexus  current :  one  pole  is  placed  on  the  spine,  and  the 
other  on  a  plexus  of  nerves. 

Spinal -cord-nerve  current :  one  pole  is  placed  on  the  spine,  and  the 
other  on  a  nerve. 

Spinal-cord-muscle  airrent :  one  pole  is  placed  on  the  spine  and  the 
other  on  a  muscle. 

Plexus-nenre  current:  one  pole  is  placed  on  a  plexus  of  nerves  and 
the  other  on  a  nerve. 

Nerve-muscle  current :  one  pole  is  placed  on  a  nerve  and  the  other 
on  a  muscle. 

These  currents  may  be  either  stable  or  labile^  continuous  or  inter- 
rupted, uniform  or  increasing, 

•  Op.  cit.,  p.  s6. 


Fig.  B9« 
S|]iaal  cord-bracliUi  plexus  currenC 


'  Tick  90. 

Spinal -cord^mcdisui  nerve  ctirrcnt. 

The  method  of  electrizing  the  eye^  ear,  nose,  larynx,  oesophagui^ 

heart,  lungs,  stomach,  liver,  kidneys,  spleen,  intestines,  rectuin,  bladder, 
male  and  female  organs  of  generation,  will  be  described  in  the  chapters 
devoted  to  diseases  of  these  organs. 

The  method  of  electrizing  individual  nerves  and  muscles  has  been  de- 
•cribed  and  illustrated  in  the  chapter  on  electro- therapeutical  anatomy* 
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Isffect  tf  Currmt  tnodifiedby  the  Length  af  Application, — The  sensa- 
tions and  the  etfects  of  electrical  appl  ications  are  considerably  moditied 
by  the  length  of  liiiie  that  the  electrodes  are  kept  in  position*  When  the 
faradic  current  is  first  applied  to  the  skin»  it  causes  a  stinging,  pricking 
seDsation*  perceptibly  strongest  at  the  negative  pole ;  if  the  electrodes 
are  kept  in  position  the  sensalion  may  gradually  diminish,  and  the  parts 
will  become  very  slightly  benumbed^  and  if  now  the  strength  of  the  cur- 
rent be  gradually  increased,  little  or  no  additional  pain  is  caused.  If 
the  current  is  at  hrst  very  strong,  it  cannot  be  borne  long  enough  to  pro- 
duce this  benumbing  effect. 

When  the  galvanic  current  is  first  applied  to  the  skin  it  causes  no 
sensation  or  scarcely  any,  unless  it  be  very  strong  or  is  directed  over  or 
neaj-  a  motor  nerve ;  if  the  electrodes  are  kept  in  position  for  a  few 
seconds,  a  slight  burning  sensation  is  felt  at  both  poles,  but  strongest  at 
the  negative.  This  burning  sensation  increases  (iuite  rapidly  until  the 
sensation  it  causes  is  like  that  of  a  strong  mustard  plaster,  or  hot  iron,  and 
becomes  unendurable.  The  benumbing  effect  of  the  faradic  current  is 
not  experienced.  The  fact  that  the  galvanic  current  is  but  little  felt  at 
first,  leads  those  physicians  who  have  not  been  accustomed  to  it  to  use 
it  altogether  too  strong.  This  increase  of  the  pain  under  the  galvanic 
current  is  due  to  two  causes — the  moistentng  of  the  skin  through  the 
moisture  of  the  electrode,  so  that  it  becomes  a  better  conductor  of  elec- 
tricity, and  the  special  chemical  action  of  the  poles  (see  Electro- Fhysi- 
olog}%  p.  i8i).  This  increased  conductivity  of  the  skin  is  the  partial  if 
not  complete  explanation  of  the  fact  that  the  muscles  contract  under  a 
feebler  current  after  the  electrodes  have  been  sonic  time  in  one  place.  It 
is  not  impossible, however,  that  the  nerves  or  niiiscles  maybe  so  stimu- 
lated by  the  current  as  to  contract  more  readily  than  before  stimulation. 

The  reverse  proposition,  that  strong  currents  used  for  a  long  time 
enfeeble  the  nerves  and  muscles  so  that  they  respond  less  readily  to  the 
current,  is  certainly  true,  and  is  easy  of  demonstration,  esiiecially  in  cases 
of  facial  paralysis.  For  this  reason,  prolonged  applications  frequently 
do  more  harm  tlvan  good.  ' 

Effects  of  Z^ealised  EtectrisiJii^H^—hocaliied  electrization  has  to  a 
litnited  extent  the  same  direct  effect  on  the  part  to  which  the  applica- 
tion is  made  that  general  electrization  has  on  the  whole  body.  It  acts 
as  a  locally  stimulating  tonic* 

Impr<nement  in  Local  Nutrition  thi  leading  effect  of  Localised  Elec- 
(ritati^m, — The  leading  and  general  effect  of  localized  electriiation,  and 
one  which  is  a  complex  result  of  the  various  special  effects,  is  improve 
ment  tn  local  nutrition* 
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LocaHzed  electrization  of  an  atrophied  or  poorly  nourished  muscle 
causes  that  muscle  to  improve  in  size  and  strength ;  localized  electriza- 
tion of  an  atrophied  or  poorly  nourished  organ,  as  the  uterus,  causes  it 
to  increase  in  size  and  improve  in  functional  activity. 

Localized  electrization  of  any  part  of  the  cerebro-spinal  system  im^ 
proves  the  nutrition  of  that  part,  and  as  a  result  the  whole  body,  over 
which  the  cerebro-spinal  system  presides,  may  improve  in  nutrition. 
Thus  localized  may  indirectly  have  some  of  the  same  effects  as  general 
electrization.  Similarly,  also,  as  we  descend  from  the  centre  toward  the 
periphery  electrization  of  any  nerve  branch  or  plexus  im])roves  the  nu- 
trition, not  only  of  the  nerve  acted  on>  but  also  of  its  various  branches, 
and  of  the  muscles  and  organs  that  it  supplies. 

When  the  nutrition  of  an  atrophied  part  is  improved  it  grows  larger  j 
when  the  nutrition  of  a  hypertrophied  part  is  improved  it  grows  smaller. 
The  same  treatment  tliat  makes  a  flabby  muscle  increase  in  size  causes 
a  goitre  to  diminish  in  size.  These  opposite  effects  of  the  local  use  of 
electricity,  though  apparently  inconsistent,  are  yet  quite  consistent  (seei 
Electro -Physiology,  p,  tgi  ;  and  Electro -Surgery,  chapter  on  Tumors).. 

The  j/^r/^/ effects  of  localized,  unlike  those  of  general  electrLzatton^ 
cannot  be  broadly  stated  or  classified,  for  the  obvious  reason  that  they 
must  so  largely  depend  on  the  locality  to  which  the  application  is  made. 

Although  applications  to  the  central  nervous  system  are  sometimes 
followed  by  mild  and  limited  degrees  of  the  primary,  secondary,  and 
permanent  effects  that  result  from  general  faradization  or  central  gal- 
vanization ;  yet  the  cases  where  the  full  order  of  these  effects  is  so 
marked  and  decided  as  to  be  observed  are  con^paratively  unfrequent 

Applications  to  the  brain  and  sympathetic  system  may  be  followed 
primarily  by  relief  of  pain,  slight  exhilaration,  a  feeling  of  warmth  or 
somnolence ;  secondarily  by  fatigue,  headache,  or  soreness  of  the 
muscles,  or  exacerbation  of  the  morbid  symptojus  ;  and  permanently  by 
improvement  in  sleep,  strength,  and  capacity  for  labor. 

But  this  order  of  effects  from  lo^-ilized  electrization  is  exceptional,  even 
from  appHcations  made  to  the  head.  More  frequently  the  pennanent 
effects  are  experienced  without  the  primary,  or  perhaps  both  the  per- 
manent and  secondary,  and  sometimes  only  the  latter. 

Yet  none  of  these  constitutional  effects,  in  whatever  order  they  may 
occur,  are  experienced  to  the  extent  that  is  derived  from  general  fara. 
dizatioiL 

The  agreeable  symptoms  which  are  most  frequently  observed  after 
localized  applications  to  the  nerve-centres  are  disposition  i&  sleeps  rdief 
of  headache  or  other  pain^  and  occasionally  sUghi  exhilaration* 
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SOinetimes  the  beneficial  results  of  electrization  of  paralyzed  muscles 
follow  iraraediately  after  the  application*  The  patient  is  consciousj  of 
an  abiUty  to  use  the  muscles  treated  with  greater  ease  and  freedoni. 
This  improvement  may  be  merely  temporary,  or,  as  is  more  frequently 
the  case»  partial  relapses  occur,  leaving  a  certain  amount  of  permanent 
benefit  Immediate  relief  of  neuralgic  pain»  and  of  the  reverse  con- 
dition,  anaesthesia,  may  follow  localised  as  well  as  general  electrization. 
The  temporary  relief  of  the  neuralgia  may  be  complete,  while  that  of 
anaesthesia  is  usually  only  partial  and  limited.  In  both  conditions  the 
evil  symptoms  may  recur,  or  a  certain  amount  of  permanent  beneh* 
may  remain. 

Atnong  the  disagreeable  symptoms  are  dizziness^  heaviness^  oppres- 
sion^ headache,  soreness  in  the  muscles^  exhaustion^  and  indefinable  ner- 
vousness. 

These  disagreeable  symptoms  are  most  likely  to  result  from  applica- 
tions that  have  been  either  too  severe  or  too  protracted  for  the  con- 
dition of  the  patient  ;  and  yet  they  should  by  no  means  excite  alarm, 
since  they  often  accompany  the  most  successful  results.  These  un- 
pleasant symptoms  are  more  likely  to  follow  the  use  of  the  galvanic 
current  than  the  faradic,  especially  when  the  applications  are  protracted. 
The  o|)inion  that  has  been  expressed  by  certain  writers,  that  the  head  is 
more  likely  to  be  unpleasantly  affected  by  the  faradic  than  the  galvanic 
current,  is  not  sustained  by  experience.  The  phenomena  of  dizziness, 
heaviness,  etc.,  frequently  experienced  after  even  a  very  short  applica- 
tion to  the  head,  are  but  rarely  observed  when  the  faradic  current  of  a 
continuous-coil  apparatus  is  employed,  with  a  large  soft  sponge,  or  the 
hand  of  the  operator. 

Applications  of  localized  electrization  to  individual  muscles  or  groups 
of  muscles  rarely  give  rise  to  any  constitutional  symptoms  whatever^ 
unless  the  electrodes  are  placed  on  or  near  the  head. 

The  special  eflfects  of  localized  electrization  of  special  organs,  as  the 
eye,  ear,  larynx,  stomach,  liver,  intestines,  uterus,  ovaries,  bladder,  etc., 
will  be  described  in  the  chapters  devoted  to  the  treatment  of  the  diseases 
of  these  organs. 

Absolute  Localtzation  of  Electricity  impossible. — It  should  be  con- 
sidered that  exclusive  and  absolute  localization  of  the  effects  of  electriza- 
tion is  impossible.  The  effects  of  both  currents  extend,  either  directly 
or  by  reflex  action,  to  parts  beyond  the  circuit.  This  is  demonstrated,  not 
only  by  physiological  experiments,  but  by  the  observed  facts  of  clinical 
experience-  Thus  it  is  observed,  in  some  irritable  conditions,  that 
galvanization  of  the  spine,  and  even  of  the  extremities,  causes  a  metallic 
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taste ;  that  galvanization  even  of  the  hands  or  feet  sometimes  basieni 
ur  increases  the  menstrual  discharge,  relieves  headache,  and  produces 
sleep.  The  same  effects  to  a  less  degree  are  sometimes  observed  from 
faradization. 

Some  of  the  illustrations  of  this  fact  are  quite  striking.  Thus  in  the 
case  of  the  wife  of  a  physician  whom  we  were  treating  by  faradization  of 
the  shoulder  for  rheumatism,  the  menstrual  flow  was  so  much  increas**d 
and  prolonged  that  it  was  necessary  to  abandon  the  treatment,  although 
only  very  mild  currents  and  short  applications  were  used. 

In  the  case  of  a  lady  whom  we  were  treating  for  sciatica,  by  localized 
galvanizalion  of  the  painful  portion  of  the  nerve,  the  pain  was  de- 
cidedly relieved,  but  the  effect  was  to  bring  on  a  recurrence  of  the 
menses  after  they  were  suspended,  so  tliat  the  patient  was  nearly  all 
the  time  menstruating. 

These  illustrations  are  extreme  and  comparatively  rare,  but  they 
serve  to  show  clearly  enough  that  the  effects  of  electrization  catinol 
wxll  be  localized  to  the  points  between  the  electrodes,  and  that  other 
and  distant  parts  nmst,  of  necessity,  be  more  or  less  effected. 

The  term  Uca/i sfd cltctrizaiion,  introduced  by  Duchenne,  is  therefore, 
strictly  speaking,  a  misnomer,  since  we  are  taught  by  physics  that  the 
vibrations  of  the  electrical  force  must  diffuse  themselves  in  various  direc- 
tions, and  at  a  considerable  distance  from  the  electrodes,  and  we  are 
taught  by  clinical  experience  that  the  effects  of  electrization,  however 
near  together  the  electrodes  may  be  placed,  are  not  entirely  condned 
to  the  points  between  or  near  the  electrodes,  but  may  be  felt,  and  in 
some  instances  far  more  demonstrably,  in  distant  parts  and  organs. 

To  the  use  of  the  term  localized  electrization,  there  is  no  objection^ 
provided  it  be  used  understandingly,  and  with  the  idea  that  it  is  merely 
a  term  of  convenience.  The  term  local  electrization  is  often  used 
synonymously  with  localized  electrization,  and  for  the  reasons  here 
suggested  is  preferable  to  it.  Localized  electrization  has  the  advantage 
of  being  first  in  the  field,  and  has  become,  to  a  certain  extent,  con^ 
secrated  by  usage. 
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CENTRAL   FARADtZAnOHr. 


Btral 


'^t  ahjeet  prof^sed  in  general  faradisation  is  to  bring  every  portion 

y  f^batfj  under  the  infiuence  of  the  farad ie  eurrent,  so  far  as  is  pos- 

^'  ^y  cxitrnai  applicatiims.     This  is  best  accomplished  by  placing 

J  Pnepie  (^ustially  the  negative)  at  the  feet  or  the  coccyx^  while  the  other 

f  ^  *%*//Vci  o^.^r  the  surface  of  the  body. 

"^  ^Kra^ic  is  the  current  which  is  almost  exclusively  employed  in 
electrisation,  and,  for  that  reason,  the  directions  and  explana- 
^^S^v^^n  in  this  section,  with  the  exceptions  that  will  be  noted,  apply 
^  ^^d  specially  to  general  faradization.      Since  tlie  discovery  of 
^Ivanization,  to  be  hereafter  described,  we  have  discarded  the 
I         S^rieraJ  electrization^  and  substituted  g'&n^v^  faradisation^  for  the 
^    that  the  galvanic  current  is  preferably  used  in  the  form  of  cen* 
'^Savanization. 

.  ^'^t;  majority  of  cases  it  is  more  convenient  and  satisfactory  to 

I         ^  sheet  of  copper  at  the  feet.     This  position  is  indeed  the  rule  in 

i  IVk '^^  faradization.      The  broad,  callous  soles  of  the  feet  are  but 

I    *  ^*y  sensitive,  and  will  bear  a  stronger  current  than  any  other  por- 

^^  the  surface  of  the  body.     But  the  passage  of  electricity  through 

...  ^^kles  causes  vigorous  contractions  of  the  flexors  and  extensors, 

^H  when  the  current  is  very  strong,  may  be  somewhat  painful     Ac- 

^*ngly,  when  the  patient  is  peculiarly  nervous  and  sensitive,  or  when 

^^ent  of  unusual  strength  is  to  be  employed,  and  in  all  cases  where 

^oager  application  is  desired  than  can  be  borne  through  the  ankles, 

^hen  it  is  desired  to  save  time  or  inconvenience,  it  is  advisable  to 

I  n*Vc  the  patient  sit  on  the  plate,  or  a  sponge  electrode  with  a  broad 

|*^^fece  may  be  applied  to  the  coccyx. 

la  general  faradization,  as  in  localized,  the  currents  may  be  stable 
l^tationary)  or  labile  (moving),  uniform  or  increasing. 

Increasing  currents  are  adapted  for  certain  important  centies,  as  the 
head,  spine,  cervical  sympathetic,  and  cUiospinal  and  epigastric  regions^ 
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The  advantage  of  this  method  of  application  is  that  it  allows  the  use  <* 
a  stronger  current  than  will  otherwise  be  borne  ;  the  strength  of  th< 
current  may  be  so  very  gradually  increased  that  the  increase  withi*^ 
certain  limits  may  be  ahiiost  imperceptible  to  the  patient     This  an&c* 
partly  from  the  fact  that  the  current  has  a  slight  benumbing  or  anaesthetic 
effect  (see  Electro-Physiology,  p.  iii),  and  partly  from  the  fact  that  1>1 
a  gradual  increase  of  the  strength  of  the  current  the  patient  is  spared 
the  shock  that  is  experienced  when  a  strong  current  is  suddenly  direci«r<- 
through  sensitive  portions  of  the  bod}'. 

Labile  and  inUrruptcd  cnmiYits  are  adapted  for  the  muscles,  especbll 
of  the  extremities. 

General  faradisation  is  very  far  from  being  so  easy  a  process  as 
might  appear  from  this  brief  description.  Its  successful  employracnt 
requires,  on  the  part  of  the  operator,  some  mechanical  dexterity*  entire 
familiarity  with  the  instruments  required,  a  complefe  knowledge  of 
electro-therapeuttcal  anatomy  j  a  personal  acquaintance  with  the  sen- 
sations and  behavior  of  all  portions  of  the  body  under  the  different 
electric  currents  ;  close  and  patient  study  of  the  diseases  and  morbi^i 
conditions  in  which  it  is  indicated,  and  of  their  response  to  faradiaiioii 
There  are  those  who  by  long  practice  are  enabled,  when  necessary^  to 
readily  manipulate  any  portion  of  the  body  mth  either  hand,  while  ih^''^ 
is  passing  dirough  them  a  current  so  powerful  as  to  keep  many  of  t^« 
principal  muscles  of  the  arms  in  a  state  of  contraction.  This  qual>^^ 
tion,  however,  though  convenient,  is  not  indispensable. 

On  the  side  of  the  patient,  success  in  the  use  of  general  farad ^^ 
tion  requires  something  of  the  same  patience  and  perseverance 
are  conceded  to  be  necessary  for  success  in  the  use  of  any  other  fc^^ 
of  electrical  treatment. 

Nothing  is  more  difficult  than  to  fully  and  accurately  describe  ^ 
words  an  operation  that  in  its  vety  nature  demands  actual  sight  m^ 
experience.  The  true  method  of  learning  the  art  of  general  fa 
tion  is  by  repeated  observations  of  its  application  to  the  //t^m^subjc 
by  personal  experience  of  its  sensations  and  results  at  the  hanfis 
practised  adepts,  and  by  long  and  various  experimenting  on  dive 
temperament,  and  in  opposite  states  of  disease.  We  shall  endeair 
nowever,  to  present  the  best  possible  substitute  for  a  course  of  priv 
lessons  or  extended  cliJiical  observation  in  this  department,  by  ans*C 
ing  in  detail  the  practical  questions  that  naturally  present  themself»j 
to  one  who  approaches  the  subject  ab  initio^  and  w^ho  has  no 
tunity  for  personal  interviews  with  those  to  whom  the  various  stepi< 
the  operation  ha\  e  become  already  faniilia*. 


Pont  ion  of  the  Paiieni. — The  patient  should  be  seated  on  an  or- 
dinary stool,  with  his  face  toward  the  instrument,  and  his  feet  on  the 
sheet  of  copper  to  which  the  negative  pole  is  attached.  Any  chair  that 
has  a  back  or  arms  will  somewhat  interfere  with  the  m an ip illations  of 
the  operator. 

Those  patients  who,  through  paralysis  or  debility,  are  unable  to  sit 
np  at  aU^  can  receive  the  treatment  while  lying  in  bed  or  on  a  lounge. 
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In  such  cases  the  sheet  of  copper  may  be  placed  upnght  against 
pillow,  and  the  feet  of  rhe  patient  pressed  against  it,  or  an  cl< 
may  be  placed  at  the  coccyx.    Assistance  will  then  be  required  to 
the  patient  when  the  application  is  made  to  the  back  and  spine,  but 
such  cases  partial  appHcations  are  frequently  all  that  are  required 

Infants  and  very  f^^ble  or  very  timid  children  should  be  hcldb 
lap  of  tlie  mother  or  nurse,  while  an  assistant  holds  the  sponge  to 
coccyx. 

While  the  application  is  being  made  to  the  lower  limbs  it  is  well 
the  patient  to  stand,  in  order  that  the  operator  may  have  access  to 
gluteal  regions  and  the  posterior  and  anterior  surface  of  the  thigh. 

Position  of  the  Operator, — While  making  applications  to  tbe 
the  operator  may  either  stand  or  sit  by  the  side  of  the  patient  coi 
niently  near  to  the  table,  on  which  are  placed  the  apparatus,  eleci 
sponges,  bowl  of  water,  and  other  appliances  that  may  be  called 
during  the  application. 

While  operating  on  patients  taller  than  himself  the  operator  will 
it  easier  to  stand,  especially  while  treating  the  head  and  upper 
of  the  tnink.     While  treating  short  patients  the  operator  will  foij 
less  fatiguing  to  sit  in  a  chair.     Most  operators  will  fmd  it  verycoi 
nient  to  change  their  position  from  a  sitting  to  a  standing  posture, or 
from  one  side  of  the  patient  to  the  other,  while  making  the  appto 
to  the  various  parts  of  the  trunk, 

Alinor  Apparatus, — Electrodes,  sponges,  and  copper  plate. 

The  best  electrode  for  the  pole  that  is  appbed  over  the  patient 
brass  ball  of  about  one  inch  in  diameter* 

Around  this  brass  ball  should  be  loosely  folded  a  soft  wet 
of  about  six  inches  in  diameter.     This  is  found,  by  experience,  to 
by  far  the  most  convenient  form  of  artificial  electrode   that  cia 
devised     Next  to  the  moistened  hand  of  the  operator  it  is  l^e 
agreeable  to  the  patient  of  any  shape  or  quality  of  electrode, 
sponge  can  be  pressed  or  folded  over  the  brass  ball  so  as  to  malt*^ 
comparatively  small  electrode,  or  its  entire  surface  may  be  appliei 

When   the  operator  allows   the   current  to  pass   tlirough  his 
person,  and  uses  his  hand  as  an  electrode,  holding  the  sponge  aodi 
in  his  other  hand,  he  can  modify  the  appUcation  to  any 
strength  or  mildness  that  he  may  desire,  by  simply  increasing 
minishing  the  pressure  of  his  hand  or  fingers  on  the  sponge.    U 
this  way  ihe  sponge  holding  the  water  acts  like  a  hydro  rheostat 
p.  319).    Wlien  it  is  necessar>  that  the  application  should  be  partii 
gentle  and  cautious,  it  is  well  to  rest  I  e  ball  and  sponge  on  the  tabU^ 
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nicnt  than  any  other  arrangement  that  has  yet  been  suggested.  The 
bowls  of  wami  water,  large  sponges,  etc.,  that  have  been  suggested, 
are  not  only  much  less  cleanly  and  convenient  than  the  copper  plate, 
but  are  also  much  poorer  conductors.  Metallic  slippers  are  more 
troublesome  than  the  broad  plate,  though  their  appearance,  perhaps^ 
is  more  ornamental*  It  needs  more  care  to  put  on  the  slippers,  and 
if  the  patient  loses  his  self-control  during  any  stage  of  the  application, 
and  throws  up  his  feet,  it  is  something  of  a  task  to  find  the  slippers 
again  and  accurately  adjust  them. 

In  the  use  of  the  copper  plate  these  details  must  not  be  forgotten : 
Firsts  to  keep  it  well  warmed,  in  cold  weather,  by  a  piece  of  heated 
soap-stone  beneath  it ;  secondly^  to  keep  it  slightly  moistened  with 
warm  water,  in  order  to  improve  the  connection. 

If  only  one  foot  is  applied  to  the  copper  plate,  the  pain  in  the  ankle, 
during  certain  stages  of  strong  applications,  will  be  unendurable.  In 
mild  applications  it  is  sufHcieni  to  have  one  foot  on  the  plate.  It  is 
necessary  ever  to  bear  in  mind  the  rule>  that  the  pain  of  electrical 
applications,  other  conditions  being  equal,  is  in  inverse  proportion  to 
the  surface  of  the  electrode*  The  larger  the  surface  of  the  electrode — 
whether  positive  or  negative — the  less  the  pain.  In  this  fact  consists 
the  advantage  of  using  large  sponges. 

In  general  faradization  the  pain  at  the  negative  pole  is  chiefly  felt  at 
the  ankles,  and  somewhat  at  the  toes,  but  not  on  the  bottom  of  the 
feet.  The  feeling  of  constriction  in  the  ankles  is  caused  by  the  rapid 
and  violent  contractions  of  the  muscles.  If  only  one  foot  is  applied  to 
the  plate  the  entire  force  of  the  current  must,  of  course*  be  borne  by 
that  foot,  and  furthermore,  the  other  limb  will  receive  no  direct  benefit 
from  the  treatment. 

The  trouble  of  removing  the  shoes  and  stockings  may  be  obviated  by 
placing  a  large  sponge  connected  with  the  negative  pole  at  the  coccyx, 
or  on  the  thighs. 

Faeiiity^  ski/l,  and  readiness  in  use  of  (he  various  methods  of  modi- 
fying the  strength  and  quality  of  the  current  is  one  very  important  secrH 
of  success  in  the  use  of  general  faradization.  A  skilful  operator  tviU 
cause  less  discomfort  with  a  strong  current  than  one  ivho  is  awkward 
will  cause  with  a  very  weak  current 

Details  of  the  Applications  to  the  Different  Parts  of  the  Body,~A% 
the  various  parts  and  organs  of  the  body  differ  very  widely  in  their  sus- 
ceptibility to  faradization,  and  in  the  effects  which  they  receive  from  it, 
it  becomes  necessary  to  explain  the  modus  operandi  of  the  applications 
m\X\  considerable  fulness  of  detaiL 
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AppHcati^ns  to  the  Hmd, — ^The  head,  especially"  the  forehead,  is.  by 
far,  more  sensitive  to  the  electric  currents  than  any  other  portion  of  the 
surface  of  the  body.  The  htw  reasons  for  this  arc  sufficiently  obvious. 
The  surfaces  of  bones  are  always  sensitive  to  the  far  ad i€  current,  as  to 
any  other  mechanical  influence  ;  and  the  cranium  is  no  exception  to 
this  law.  Then,  again,  the  fifth  pair  is  an  exceedingly  sensitive  nerve 
in  all  its  ramifications,  and  especially  over  the  forehead* 

There  are  many  cases  that  do  not  bear  even  mild  applications  to  the 
front  and  top  of  the  head,  and  who  seem  to  be  injured  rather  than 
benefited  by  it     With  others,  the  effects  are  highly  agreeable* 

in  treating  the  forehead  the  operator  should  first  press  his  moistened 
hand  firmly  over  the  head,  and  then  making  the  connection  with  his 
other  hand  on  the  sponge  and  brass  ball  of  the  positive  pole,  should 
allow  the  current  to  pass  steadily,  without  interruption,  for  one  or  two 
minutes.  In  Kidder's  farad ic  apparatus,  A  11  is  the  best  current  for 
the  forehead.  The  use  of  the  hand  as  an  electrode  is  particularly  de- 
sirable in  making  applications  to  the  forehead. 

Moistening  the  Hair, —The  dry  hair  is  a  non  conductor,  and  there- 
fore it  is  always  necessary  to  tvit  it  freely  before  eieetrtzin^  any  portion 
of  the  head  that  is  covered  by  it.  It  is  not  usually  desirable  to  com- 
pel lady  patients  to  pull  down  their  hair,  or  to  thoroughly  moisten  it 
A  ver)' important  centre  for  affecting  the  brain  is  the  crown  of  the  head, 
between  the  ears,  over  the  so-called  organ  of  firmness,— the  cranial  cen- 
tre. If  the  hair  at  this  point  be  sufficiently  moistened  to  admit  the  pas- 
sage of  a  mild  current  with  any  convenient  form  of  electrode^  a  peculiar 
and  slightly  painful  sensation  is  experienced. 

In  some  exceptional  cases  of  disease  the  head  will  bear  currents  of 
considerable  strength.  The  back  of  the  head  over  the  cerebellum  will 
usually  bear  quite  strong  applications.  The  cuirent  is  felt  through  the 
ramifications  of  the  occipital  nerves^  giving  rise  oftentimes  to  sensa- 
tions not  only  painless,  but  absohitely  agreeable. 

Applications  to  the  Neck  and  Throat, — ^The  back  part  of  the  head 
and  upper  portion  of  the  spine  will  usually  bear  powerful  applications. 
It  is  an  interesting  and  important  fact  that  very  marked  effects  may  be 
produced  by  general  faradization^  even  when  the  applications  are  made 
only  to  the  back  and  sides  of  the  neck. 

The  reason  for  this  will  be  clear  when  we  come  to  study  the  electro- 
therapeutical  anatomy  of  the  parts.  From  the  upper  portion  of  the 
spine  and  base  of  the  brain  proceed  the  most  important  and  most  sen- 
sitive nerves  of  the  body — tht  pneomogastric,  and  the  brachial  plexuk, 
and  the  phrenic  nerves. 
23 
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Fig.  9J, 

General  Galvano-Faradization. — Application  to  ihe  spine  by  n  sponge  ^f^^jk 
A  double  electrode  is  used,  one  part  of  which  b  connected  witb  the  gilfinif^. 
the  other  with  the  faradic  apparatus.     The  copper  plate  is  nl so  connccled  •''^ 
both  currents.     Galvano^famdLzation  we  do  not  now  employ,  but  thectfi^ 
trates  perfectly  one  of  the  steps  ui  general  faradization. 

If  the  sponge  be  pressed  firmly  on  the  cilio  spinal  centre,  over  On 
iimth  and  the  seventh  cervical  vertebrae,  and  moved  slightly  on  cjtte 
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of  the  spine,  while  a  powerful  current  is  passing,  the  electric  infliv 
BCe  may  be  percepltbly  communicated,  not  only  to  the  spine  but 
to  the  larynx  through  the  laryngeal  nerves  \  to  the  stomach 
>ugh  the  poeumogastric  ;  to  the  lungs  through  the  phrenic;  to  both 
IS  and  hands  through  the  brachial  plexuses  and  their  branches — in 
pff^  ic  the  most  important  nerves  and  organs  of  the  body.  The  syni- 
ithetic  is  also  directly  affected  at  this  point. 

Tb  ere  is  no  other  single  place  on  the  surface  of  the  body  where  the 

:trical  influence  can  be  communicated  to  so  many  important  nerves 

a.t   the  cilio-spinal  centre.     In  order,  however,  to  affect  all  these 

trvcsand  organs  above  mentioned  by  faradization  it  is  necessary  to 

a.  powerful  current,  and  to  press  the  sponge  very  firjiily  against  the 

In  very  fieshy  patients  it  is  sometimes  quite  difficult  to  affect  the 

kiraehial  plexuses  and  their  branches  in  the  arms  and  hands  without 

ttsing  a  stronger  current  than  can  well  be  borne  through  the  feet  and 

Qkles  at  the  negative  pole.     This  application,  so  far  from  being  pain- 

al*  is  to  many  positively  agreeable.     The  thriii  which  it  communicates 

ho  the  nerves  and  vital  organs  is  often  so  delightful  that  the  patient  re- 

I  quests  to  have  the  application  prolonged.     In  patients  who  can  bear  it, 

1  this  application  at  the  cilio-spinal  centre  may  be  varied  by  suddenly 

intemipting  the  current, 

T^hisaiiplication  is  a  very  important  factor  in  general  faradization,  and 
^n  achieve  decided  tonic  effects  on  the  system,  even  when  no  other 
portion  of  the  body  is  touched  by  the  current.  The  immediate  sensa- 
tions which  it  produces,  however,  are  by  no  means  uniform.  Some  pa- 
tJents,  through  the  irritation  of  the  laryngeal  nerves,  cough  spasmodi- 
^"yi  and  even  violently,  under  the  excitation  even  of  a  comparatively 
itHld  Current  ;  with  others,  even  the  most  powerful  currents,  and  the 
fintiest  possible  pressure  of  the  Sjionge,  fail  to  produce  any  such  effect 
l^  ncr\'ou^  and  sensitive  patients  thts  application  often  causes  a  pecul- 
*W  and  decided  sensation  in  the  stomach,  through  the  pneumogastric 
^^^^ ;  the  strong  and  vigorous  rarely  experience  any  such  sensation, 
even  wr^^^f  currents  of  great  power. 

■^Doiher  im])ortant  locality  in  the  electro^lherapeutical  anatomy  of 
the  neck  is  in  the  posterior  triangle,  just  by  the  posterior  border  of  the 
stcmo cleido-mastoid  muscle*  If  the  fingers  of  the  operator,  with  a 
CtJ^cnt  of  considerable  strength,  or  the  sponge  with  a  current  compara- 
li^dy  mild,  be  pressed  firmly  on  this  space  until  the  posterior  border 
l>f  ihe  scalenus  anticus  is  reached,  the  patient  will  at  once  experience  a 
tingling  or  pricking  sensation  in  the  arm  and  hand  on  that  side,  caused 
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by  the  excitation  of  the  brachial  plexus,  and  in  some  cases  a  thrill  if 
communicated  by  means  of  the  pneumogastric  to  the  stomach,  and  by 
the  phrenic  nerve  to  the  diaphragm* 

Appiications  ia  the  Upper  Extremities, — It  is  not  always  necessary 
to  go  to  the  trouble  of  faradizing  the  extremities,  but  in  many  cases  it 
is  a  decided  advantage  to  do  so.  In  faradization  over  the  extremities, 
the  sponge,  or  the  hand  of  the  operator,  should  be  passed  thoroughly 
over  the  surface  of  the  hands  and  amis,  and  with  sufficient  force  to  pro- 
duce agreeable  contractions  of  all  the  superficial  muscles*  Except  in 
infants  and  corpulent  females,  contractions  of  the  superficial  musclci 
of  the  arm  are  obtained  with  a  mild  current. 

Applications  ta  the  Sf*ine, — Stronger  currents  of  electricity  may  be 
borne  over  the  middle  of  the  spine  than  perhaps  over  any  other  portion 
of  the  body.  There  are  no  very  sensitive  peripheral  nerves  in  the  back, 
and  the  spinal  cord  is  so  thoroughly  protected  by  its  bony  covering  thai 
the  currents  are  never  felt  in  it  painfully,  except  when  it  is  greatly  ex- 
hausted or  organically  diseased*  The  nerves  that  issue  from  the  spinal 
cord  are  more  or  less  affected  by  powerful  applications  to  the  back,  and 
through  them  the  various  parts  and  organs  which  they  supply  are  con* 
fiiderably  influenced. 

The  best  method  of  electrizing  the  back  is  to  pass  the  sponge  down 
its  entire  length  beneath  the  under-clothing,  in  case  it  is  not  removed, 
from  the  first  cervical  vertebra  to  the  cauda  equina^  carefully  avoiding 
the  prominences  of  the  scapula  and  the  ossa  innominata.  Below  the 
^inferior  angle  of  the  scapula  the  sponge  may  be  moved  from  side  to  side 
over  the  region  of  the  kidneys,  liver,  and  spleen. 

If  a  strong  current  be  applied  over  the  lower  portion  of  the  spine, 
between  the  upper  borders  of  the  ossa  innominata,  a  slight  sensation  is 
sometimes,  though  by  no  means  uniformly,  communicated  to  the  rectum 
and  the  male  genital  apparatus,  the  penis  and  the  testicles,  througb 
their  spinal  nerve  supply. 

In  view  of  these  considerations  it  is  manifest  that  in  the  emphymeni 
<ff  general  faradization  particular  attention  should  be  given  to  the  spine, 
even  at  the  expense  of  Nf'ji^'ectin^^  other  portions  of  the  body. 

That  the  hmgs  and  heart  are  less  influenced  by  electrization  than  other 
important  organs,  is  chiefly  accounted  for  by  the  anatomical  stnicturc  of 
the  chest.  The  ribs,  with  the  intercostal  muscles  and  ligaments,  form 
an  unyielding  wall  Furthemiore,  the  pleura  and  pericardium  are  not 
closely  adherent  to  the  inner  wall  of  the  chest,  but  lie  loosely  over  the 
lungs  and  heart.  These  organs,  therefore,  are  best  aflFected  electrically 
by  applicaticns  above  the  sternumj  around  the  neck,  and  over  the  uppet 
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i!i"  of  the  spine,  whence  the  nerve-supply  of  the  viscera  proceeds,  autl 
ky  direct  clectrualion  of  the  vagus  in  the  neck. 

A.  1  ^plications  over  the  chest  are,  however^  of  positive  and  permanent 
fcrvice,  by  developing  the  thoracic  and  intercostal  muscles,  and  for  this 
»on,  if  for  no  other,  ihey  should  not  be  neglected-  But  it  should  not 
Fcjrgottcn  that  the  surfaces  of  the  ribs,  hke  the  surfaces  of  all  other 
■5>iire  sensitive  to  electrization,  and  that  therefore  the  chest  will 
not  l^ear  as  severe  applications  as  the  spine,  neck,  or  abdominal  re- 
[ions.  This  sensiiiveness  is,  of  course,  more  in  the  thin  and  nervous 
iTi  in  the  corpulent  and  phlegmatic.  It  is  usually  most  marked  on 
He  inferior  ribs  on  the  riglU  and  left  side  of  the  body^  over  the  liver 
fit^  spleen.  The  peculiar  sensiiiveness  of  the  ribs  at  these  points  is 
onietimes  erroneously  supposed  to  indicate  disease  of  the  organs  be- 
|nea.ih  them. 

^^  have  stated  above  that  the  anatomical  stnicture  of  the  chest  ren- 
jdered  it  dilBcult  to  send  the  electric  current  through  its  anterior  walls 
I  to  the  lungs  and  heart.  In  the  abdouiinal  regions  the  anatomical 
[structure  is  directly  reversed,  and  instead  of  an  unyielding  wall,  partly 
composed  of  bones  and  ligaments,  we  have  a  flaccid  skin  lying  loosely 
j  agajnst  the  pcritona»uni  that  covers  the  moist  viscera  beneath.  No 
joiner  organs  of  the  body  contain  so  large  a  percentage  of  water  as  those 
""^ntch  aje  situated  in  the  cavity  of  the  abdomen.  It  is  obvious,  there- 
More,  that  when  the  resistance  of  the  epidermis  is  overcome  by  the  mois- 
ture ar  the  sponge  or  hand,  and  the  peritoriafum  and  viscera  are  brought 
I  into  Coaptation,  the  current  must  directly  traverse  all  the  parts  desired 
[to  be  a^ffected. 

To  reach  the  stomach  and  solar  plexus,  place  the  sponge  or  palm  of 
Mneoa.n<]  below  and  under  the  sternum,  and  as  far  back  as  possible. 
'|"'*Pi"essure  brings  the  peritonaeum  and  stomach  into  coaptation,  and 
^y^^  the  current  to  pass  through  them,  Jf  JJie  under-clothing  be 
iiuii))ly  slipped  up  without  being  entirely  removed,  the  stomach  and  ab- 
|Oomen  (.^^  be  readily  treated, 

"^  bowels  may  be  treated  either  with  the  labile  or  the  stable  cnr* 
Ipcitli  a^nd^  in  cases  of  obstinate  constipation,  by  sudden  interruptions  or 

^^^''pulent  and  pursy  patients  usually  bear  much  stronger  currents 

O^*^  the  abdomen  than   the   thin   and  emaciated.     Adipose  tissue  is 

com\>aratively  a  poor  conductor  of  electricity,  and  it  is  difficult  to  affect 

tbc  boweb  of  the  very  corpulent  through  the  abdominal  walls  by  elec 

tJ^*^on,  unless  we  employ  firm  pressure  and  currents  of  considerable 

fCrengtb.    But  in   the   vast  majority  of  cases  currents  of  moderatf 
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strength,  applied  lightly  over  the  surface  of  the  abdoiren,  m\\  readu> 
produce  coutractioas  of  the  abdominal  onjscks,  and,  if  pressure  be  em 
ployedt  the  intestines  and  all  the  organs  of  the  abdominal  cavity  are  di 
rectly  traversed  by  the  current 
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Fig.  94> 
GcncraJ  FftradUaUon^ — Application  to  tbe  stomach. 

Applications  to  the  Female  Genitals. — Direct  applications  to  the 
vagina  or  uterus  are  rarely  called  for  in  general  faradization. 

Applications  to  the  Lower  Extremities* — Unless  there  is  weakness 
or  paralysis  of  the  lower  limbs  we  do  not  always  apply  the  current 
directly  to  them»  because,  when  tlie  copper  plate  is  at  the  feet,  the 
muscles  below  the  knee  are  more  or  less  exercised  during  the  whole 
treatment 

Before  proceeding  to  make  the  applications  to  the  lower  extremities^ 
*he  patient  should  be  required  to  stand  up^  still  keeping  the  feet  on  the 
copper  plate.  Male  patients  who,  during  the  earlier  stages  of  the 
operation,  have  entirely  removed  their  clothing  from  the  trunk,  shoiilj 
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iftONv'ed  to  again  put  it  on»  both  m  order  to  avoid  unnecessary  ex- 
P^^  a\id  to  protect  them  from  ttie  cold. 

mk  female  patients  the  applications  to  the  lower  limbs,  except  in 
^^^'^^f  paralysis,  can  be  made  under  the  clothing,  if  the  drawers  ht 
^i>Fd  down,  without  exposure. 


Fig,  <>5. 
Gcocni  Faradization. — Application  to  the  Lower  Extremities. 

"The  operator,  sitting  by  the  side  of  the  patient,  on  a  low  stool  or 
t^Oman,  should  then  pass  the  sponge  or  the  hand  lightly  down  the 
^tire  surface  of  both  limbs,  from  the  thighs  to  the  feet,  avoiding,  so 
^  as  possible,  the  prominences  of  the  bones  at  the  hip,  knee,  and 
l^»»klcs. 

The  outer  portion  of  the  thigh,  like  the  back,  is  very  little  sensitive 
lo  the  electric  current,  because  its  suiface  is  not  supplied  by  very  sen- 
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Bitivc  nerves.  The  inner  side  of  the  thigh^  on  the  contraiy,  is  sv^^M 
by  branches  from  Ihe  sensitive  anterior  crural  nerve,  and  in  d^ 
persons  especially  is  very  susceptible  to  electrization.  In  passing  t^^ 
sponge  or  the  hand  down  the  lower  liinbs  great  pains  should  be  ti 
to  carefully  graduate  the  current  according  to  the  sensitiveness  of  cac^A 
locality.  This  precaution  is  more  necessary  in  treating  the  lower  liml 
than  the  upper,  because  the  contrasts  in  the  normal  sensitiveness  of  tt^^ 
diflferent  parts  of  the  lower  limbs  are  much  greater  than  in  the  arn»^^ 
and  because  any  severe  shocks  suddenly  felt  in  the  legs  sometimes  thn 
patients  off  their  feet* 

In  cas€s  not  complicatid  with  paralysis^  contractions  of  the  suferjin 
muscles  of  the  lower  Umbs^  as  of  the  upper  limbs^  can  be  produced 
comparatively  feeble  and  painless  currents. 

Special  Rules  to  be  Observed  in  the  Employment  of  General  Fop^* 
dizatiim. — In  the  employment  of  general  faradization  there  are  cert«iH 
special  suggestions,  on  the  observance  of  which  the  results  of  the  appli- 
cations will  very  materially  depend 

1.  The  Strength  of  the  Current  and  Length  of  ihe  Appluatiffn. 

is  better  that  the  first  tentative  applications  should  always  be  madcurV 
a  gentle  current,  and,  if  the  patient  be  particularly  sensitive,  it  is  an 
vantage  to  use  the  hand  of  the  operator  instead  of  an  artificial  electrcxS- 
After  the  patient  has  become  somewhat  accustomed  to  the  treatnictit, 
the  general  rule  should  be  to  make  the  applications  pleasantly  painful'.. 

Patients  who  have  long  been  accustomed  to  the  treatment — whohav 
become,  in  a  certain  sense,  insensible  to  the  strength  of  current  ordi- 
narily used — may  frequently  be  benefited  by  very  powerful  currents* 

Usually,  but  not  invariably^  we  may  be  guided  by  the  sensadoas  oi 
the  patient ;  but  exceptions  to  this  rule  are  sometimes  very  stnTti^i^ 
and  should  put  us  on  our  guard.     Some  who  feel  no  pain  during  tli^ 
applications  may  on  the  day  following  experience  the  most  disagreeaW^ 
reactive  effects.     (See  p.  248.) 

2.  Thoroughness  of  the  Applications. — General  faradisation  dociMt 
require  that  all  portions  of  the  surface  of  the  body  should  be  too" 
by  the  electrode  at  every  sitting.     In  nervous  and  susceptible  patii 
we  can  approach  the  full  measure  •)f  the  treatment  only  by  slow  di 
It  is  oftentimes  sufficient  to  make  the  first  application  only  around 
neck,  shoulders,  and  on  the  upper  portion  of  the  spine. 

//  is  not  always  necessary  to  make  the  applications  to  ail  portufftt  of 
the  surface  of  the  body^  even  in  a  prolonged  course  of  treatment.  The  ge^ 
era  I  tonic  effects  of  this  system  of  treatment  can  undoubtedly  be  ackirtti 
without  touching  either  th:  upper  or  lower  extremities,     Bmt,  on  fk 
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lif^^k^jidj  ft  is  Just  as  undoubiidly  tnu  that  the  muscular  devehprntni 
|lAi/r^^j#//j  from  long-€ontinu£d  electrization  0/  th^  arms  and  legs  reacts 
f(mra^iy  on  the  whole  system  and  materially  aids  the  treatment 
The  neck  and  spine  should  be  treated  in  all  cases,  except  during  the 
jt  and  tentative  applications,  or  in  patients  of  very  unusual  suscepti* 
^^fr       JJuring  menstruation  it  is  usually  better  to  avoid  the  abdomen 
'  h-me^dr  part  0/  the  spine^  or  to  suspend  the  treatment  altogether^ 
tipt  m^M  those  cases  where  it  is  desired  to  increase  the  menstrual  fiow, 
\  Itttg^rJt  of  (he  Applications. — The  duration  of  the  sittings  may  range 
'te^M    Jve  and  twenty-five  minutes^  being  modified  by  the  nature  of 
:  constitution!  the  strength  of  the  current  enjployed,  the  stage  of  the 
atm^rrit,  and  the  results  of  the  previous  applications. 
1  'The    SRiitlest  fraction  of  this  time  should  be  devoted  to  the  head,  ihe 
Igest    ^o  tijc  spine  ;  next  to  the  spine  the  abdomen  should  receive  the 
c»t:    &hare  of  attention . 

1.  .\.i:i  average  application  of  say  15  minutes  may  be  thus  appor- 
onwl  t 

To  the  tiesj! i  mlntite. 

♦*      neck,  sympathetic  and  cervical  spine 4  minutes. 

"      back , ..3         •• 

••      abdomen , , . , ,     3        *• 

**      upper  and  lower  octreinlties 4        ** 

A*  Compared  with  the  time  required  in  localized  faradization  and  ctu 
tm  galvanization^  general  faradization  has  not  the  great  disadvantage 
y^&t  has  hen  supposed*     Nearly  all  the  ordinary  peripheral  applications 
I  of  ^electricity  for  paralysis  require  as  much  time  as  general  faradization. 
^^^quency  of  the  Applications, — ^I'he  applications  of  general  faracli- 
utiQii  may  be  repeated  daily,  every  other  day,  once  or  twice  a  week,  or 
[ hy  %\\\\  longer  intervals.     Every  other  day  is  about  as  often  as  is  ncces** 
to  Becure  the  full  tonic  results  of  the  treatment ;  but  patients  who 
^  so  situated  that  they  can  take  the  treatment  but  a  short  time  may 
•'^^vvc  an  application  daily,  provided  they  are  not  in  a  condition  of  un* 
is*^4l  debility,  or  are  not  more  than  ordinarily  susceptible  to  the  current 
for  the  very  nervous  and  susceptible,  and  especially  for  those  who  cona» 
|JatQ  of  the  secondary  or  reactive  eflfects,  it  is  often  necessary  to  give 
iutmals  of  several  days,  at  least  until  the  permanent  tonic  effects  begio 
to  be  developed  (see  p.  220). 

Pmistence  in  the  Treatmeni. — For  the  majority  of  cases,  the  treat- 
^pent  by  general  faradization,  in  order  to  secure  its  full  results,  must  be 
fifstsfent.    The  reasons  why  this  perseverance  is  demanded  arc  quite 
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obvious.     In  the^ri/ place,  most  of  the  diseases  and  morlid  cotiditioni 

for  which  general  faradization  is  indicated  are  exceedingly  chronic  IQ 
their  character.  It  is  necessary  ever  to  keep  in  mind  the  emphatic 
words  of  the  great  Trousseau,  **  Chronic  diseases  demand  chronic  treat- 
ment/' whatever  may  be  the  method  employed. 

Secondly t  Tonic  remedies  of  all  kinds  external  and  internal,  are  al- 
ways more  Lfi  less  slow  in  their  action. 

While  great  and  beneiicial  effects  are  often  derived  &om  two  or  three 
applications,  a  complete  or  approximate  cure  of  longstanding  morbid 
conditions,  such  as  dysi^epsia^  hypochondriasis,  nervous  exhau$tiOD| 
hysteria,  paralysis,  can  only  be  achieved  by  persistent  treatment,  vary- 
ing the  strength  of  the  current  and  frequency  of  the  apphcations  ao 
cording  to  the  progress  which  is  made. 

The  length  of  lime  over  which  the  treatment  should  be  extended  may  j 
range  from  one  week  to  several  months,  with  longer  or  si)orter  interval^ 
according  to  circumstances. 

Comparing  the  history  of  all  our  cases,  we  find  that  the  average  num* 
ber  of  applications  administered  to  each  successful  case  is  about  15-25, 
and  the  length  of  tinie  over  which  the  treatment  was  extended  4-S 
weeks. 

The  Use  of  the  moistened  Hand  as  an  Electrode  to  the  Mead  and  Sen^  \ 
sitive  Parts. — The  advantages  which  the  moistened  hand  sometimes 
possesses  over  the  sponge  in  general  faradisation  are  the  following : 

I.  In  certain  cases  it  is  tnote  agreeable  to  the  patient.  It  is  but  a 
truism  to  assert  that  no  form  of  electrode  that  human  skill  shall  ever 
devise  can  ever  compare  with  the  hand  in  flexibility  and  power  of  adap* 
taiion.  Its  shape,  its  flexibility,  tlie  number  and  arrangement  of  the 
fingers,  and  the  vast  and  delicate  combinations  of  movement  of  which 
they  are  so  readily  capable — all  these  familiar  and  wonderful  character- 
4siics  of  the  hand,  united  to  the  peculiar  softness  of  die  skin,  and  the 
lightness  with  which  it  can  touch,  or  press,  or  handle,  render  it  superior 
for  the  nicer  processes  of  general  faradization  to  any  artificial  arrange- 
ments of  which  ilie  genius  of  man  could  conceive. 

For  applications  to  the  head  and  sides  of  the  neck,  the  brachial  plex- 
us, and  pit  of  the  stomach,  the  use  of  the  hand  electrode  is  a  very 
great  convenience  j  and  we  sometimes  meet  with  patients  who  are  so 
sensitive  and  so  fearful  that  they  will  not  endure  even  the  softest  sponge 
on  any  portion  of  the  body,  or  at  any  stage  of  the  treatment  To  ap- 
ply a  mild  faradtc  current  to  the  forehead  and  crown  of  the  head,  widi 
the  softest  sponge  and  largest  ^jossible  surtace,  is  at  best  an  unpleasant 
jiroress  foi  a  strong  man  in  perfect  health,  and  for  the  delicate  invalid 
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b  often  unendurable  ;  but  when  the  hand  of  the  operator  is  made  an 
eicctrode,  the  operation  of  faradiring  the  most  sensitive  portions  of  the 
head  may  be  made  not  only  tolerable,  but  positively  agreeable.  Except 
in  cases  of  severe  local  disease  or  unusual  debility,  the  sponge  can  be 
home  down  the  spine,  over  the  abdomen  and  extremities,  and  down  the 
lower  extremities  without  great  difficulty. 

2.  //  keeps  ih€  operator  eontinually  informed  of  the  strength  of  th§ 
current^  and  thus  enahles  him  to  carefully  graduate  it^  according  to  the 
tensttiitnm  of  each  locality. 

As  the  current  passes  through  his  own  person,  the  operator  can  judge 
by  his  ovn  sensations  whether  it  is  too  strong  or  too  weak,  and  by  in- 
creasing or  diminishing  the  grasp  of  his  other  hand  on  the  sponge,  can 
modify  the  strength  of  the  application  without  disturbing  his  apparatus. 
The  wet  sponge  on  which  he  presses  with  the  other  hand,  acts,  as  we 
have  seen,  like  a  hydro-rheostat. 

Tlie  use  of  the  hand  as  an  electrode  enables  the  operator  to  instantly 
modify  the  appiicaiions  in  any  of  the  various  degrees  of  weakness  and 
strength,  and  also  to  suspend  the  passage  of  the  current  instantaneously 
without  shocit  or  violence.  When  the  sponge  is  used  we  must  continually 
queiUon  thtr  patient,  or  watch  his  expression  and  movements,  in  order  to 
jodge  whether  the  current  is  of  proper  strength. 

"^^  'nost,  if  not  all,  of  the  tonic  effects  of  general  faradization  can 
oDtained  in  perhaps  the  majority  of  patients  by  the  use  of  the 
•i'ongc,  there  can,  we  think,  be  no  question  ;  but  the  use  of  the  hand 
01  tiie  op^f^jQ^^  according  to  the  principles  above  indicated,  enables  ua 
to  ichieve  these  results,  and  with  less  discomfort  to  the  patient,  in  those 
|)ecuharly  sensitive  cases  where  the  artiticial  electrode  could  not  be 
"^•'"^  at  all.  Very  many  of  our  patients  we  treat  only  with  artificial 
electrodes. 

^^  ^um  uf,  in  a  word^  it  is  a  convenience  and  oftentimes  a  positive 
^iintiitici  Jqj,  i}i^  operator  to  be  able  and  willing  to  use  his  hand  in  ap- 
P*^<ittontt0  sensiitve  parts  and  nervous  patients^  but  for  the  majority  of 
i^is  it  is  sufficient  to  use  a  large  soft  sponge, 

Effects  of  the  Current  on  the  Operator. — The  question  now  arises, 
Wat  effect  must  the  operator  experience  from  the  repeated  passage  of 
tlie  electric  currents  through  his  own  person  ? 

It  should  be  understood,  at  the  outset,  that  tlie  current  does  not 

riffctly  affect  the  whole  person  of  the  operator,  nor  indeed  any  of  the 

eminent  organs,  and  that  only  the  faradic  current  is  used  in  this  way, 

he  current  passes  from  hand  to  hand,  through  the  arras  and  shoulders^ 

lid  does  not  reach  or  directly  influence  the  brain  or  any  of  tlie  orgaiu 
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of  the  chest  or  of  the  abclooien.  The  effects  of  thus  using  the  currenl 
on  the  nutrition  of  the  muscles  of  the  arm  have  akeady  been  consider- 
ed {see  Electro- Physiology,  p.  194). 

Those  physicians  whose  temperaments  do  not  tolerate  electricity, 
would  do  well  to  avoid  passing  the  current  through  their  own  per- 
sons in  this  way.  Those,  however,  and  they  constitute  tlie  ma- 
jority, who  are  more  or  less  benefited  by  the  use  of  electricity,  in  thti 
way,  need  never  fear  any  evil  effects*  If  tliey  treat  a  very  large  num- 
ber of  patients  a  d^ky  by  general  faradization,  using  the  hand  as  an  elec- 
trode a  considerable  portion  of  the  time,  and  with  strong  currents,  they 
will  be  much  more  wearied  at  night  than  if  they  used  the  sponge  chiefly 
or  exclusively,  l^his  method  of  general  faradization  has  been  and  is 
now  used  by  hundreds  of  physicians,  and  we  have  never  heard  of  any 
serious  effects  in  any  instance.  The  few  whose  temperaments  contra* 
indicate  electricity  soon  abandon  the  use  of  the  hand  as  an  electrode, 
since  they  find  thai  it  is  a  luxury  and  not  a  necessity.  The  majority  ex- 
perience either  negative  or  beneficial  effects,  and  arrive  at  that  state 
where  it  is  a  matter  of  indifference  whether  tJiey  use  the  hand  or 
sponge. 

Sp€ciai  Effects  of  General  Faradization, — The  general  effects  of 
electricity  on  the  system  have  already  been  considered  (p»  263).  We  have 
here  to  speak  only  of  those  that  are  peculiar  to  or  most  marked  under 
general  faradization. 

The  effects  of  general  faradization  may  be  subdivided  into  threi 
classes ; 

1,  Those  which  are  experienced  dtiring  or  immediately  after  treat- 
ment,— Primary  or  stimuiating  effects. 

2,  Those  which  are  experienced  one  or  two  days  subsequent  to  the 
treatment* — Secondary  or  reactive  effects, 

3,  Those  which  remain  in  the  system  as  a  permanent  result  of  treat- 
ment. — Per  ma  nent  or  ton  k  effects. 

Many  patients,  perhaps  the  majority,  experience  after  each  seanct  i 
feeling  of  enltvenment  and  exhilaration  that  often  lasts  for  several 
hours.  With  some  this  feeling  of  exhilaration  is  very  positive  and  de* 
cided;  with  others  it  is  but  just  perceptible.  Others^  again,  experi- 
ence a  disposition  to  sleep  after  treatment,  quite  similar  to  that  which  is 
felt  after  a  bath  in  the  surf. 

Relief  of  pain  and  local  or  general  weariness  is  a  very  frequenl  ai 
well  as  very  agreeable  temporary  effect  of  general  faradization,  and 
one  which,  more  perhaps  than  any  other,  tends  to  inspire  the  doubt- 
ing  patient  with  rontidence  in  the  efficacy  of  l\m  method  of  treai^ 
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mcnt.  Patients  who  suffer  from  indefinable  nervous  pains  ii.  the  head, 
Dack,  side,  and  stomach,  or  from  weakness  in  the  lijiibs,  freqjently  ap- 
preciate relief  ttven  in  the  midst  of  the  application.  This  relief  usually 
lasts  for  several  hours,  and  in  some  cases  may  become  permanenL 

All  the  disagreeable  symptoms  that  sometimes  arise  from  an  ap- 
plication, as  headache^  fnaiatse,  chilliness^  vertigo^  faintness^  and  cold 
perspiration  (see  pp.  247-150),  like  similar  effects  from  injudicioos  use 
of  other  tonics,  physical  exercise,  the  shower-bath,  etc,  are  not  usually 
of  any  permanency  whatever.  Indeed,  they  are  entirely  consistent  with 
permanently  good  results ;  but  they  are  apt  to  annoy  and  alarm  the 
patient,  and  for  that  reason^  if  for  00  other,  they  should  be  avoided. 

Effect  on  Temperature. — The  temperature  may  be  immediately 
influenced  by  general  faradixatiou. 

Its  effect  on  the  circulation  seems  to  be  that  of  an  equalizer.  Pa 
tients  afflicted  with  nervous  diseases  are  apt  to  suffer  from  cold  feet  and 
hands,  and  from  creeping  chills  over  the  body.  The  equalizing,  warm- 
ing effect  of  general  faradization  on  such  patients  is  most  decided  and 
agreeable,  and  is  so  positively  realized,  even  in  the  midst  of  the  seance^ 
that  neither  the  bare  feet  nor  the  exposed  trunk  suffer  from  the  cold, 
provided  the  air  of  the  operating-room  is  of  even  a  moderate  tempera- 
mre* 

Effect  on  Pulse, — ^The  effects  of  general  faradization  on  the  pulse  are 
quite  interesting  and  suggestive. 

In  a  large  number  of  cases  we  have  carefully  counted  the  pulse,  and 
also  observed  its  quality  just  before  and  just  after  the  treatment.  The 
results  of  some  of  these  observations  are  preseuted  below : — 
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On  account  of  the  recognized  susceptibility  of  the  pulse,  especially 
of  nervous  invalids,  to  the  influence  of  mental  impression,  we  have 
found  it  necessary,  in  order  to  avoid  error,  to  make  repeated  examina 
tions  before  and  after  the  sitting. 
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The  conclusion,  from  our  very  large  rwmber  of  observations  id  regard 
to  the  tnfiiience  of  general  faradization  on  ihe  pulse  in  chronic  diseases, 
is  that  of  a  corrective. 

When  the  pulse  is  high  it  depresses  it  more  or  less^  and  usually  in 
proportion  to  the  degree  of  the  exaltation  above  the  nornial  standard. 
\Mien  it  is  low  h  raises  it  more  or  less,  and  usually  in  proportion  to  the 
degree  of  the  depression  below  the  normal  standard  In  nervous  and 
excitable  patients,  the  effect  of  general  faradization  on  the  pulse  is  much 
more  marked  than  in  the  cold  and  phlegmatic  An  application  that  is 
nuich  too  strong  may  greatly  excite  the  pulse. 

Special  and  Exceptional  Effects, — The  immediate  effect  on  the  ap- 
petite is,  in  rare  iuslances,  so  marked  that  the  patient  at  once  feels 
desire  for  food,  and  at  the  next  meal  eats  a  much  larger  quantity  and 
with  far  keener  relish  than  usuaL 

Sensitive  patients  are  now  and  then  compelled  to  evacuate  their 
bladder  or  rectum  immediately  after  or  even  in  the  midst  of  the  appli- 
cation, and  the  urinary  secretion  is  occasionally  increased.  But  all 
these  effects  of  general  faradization  on  the  functions  of  special  organs 
are  incidental  and  occasional,  and  are  not  to  be  expected  with  any 
uniformity  or  constancy. 

Secondary  or  Reactive  Effects. — ^The  secondary  or  reactive  effects  of 
general  faradization  are  those  which  are  experienced  for  a  day  cr  ttm 
following  an  application.  These  effects  are  probably  not  observed  in 
more  than  half  of  the  cases,  and  usually  only  at  the  outset  of  the  treat- 
ment. Most  of  these  secondary  or  reactive  effects  have  already  been 
considered  (see  p,  249). 

Soreness  in  the  muscles  of  the  neck,  tnmk,  and  upper  extremities  is 
unquestionably  the  most  frequent  of  the  secondary  symptoms  of  gen- 
eral faradization,  and  the  one  which  patients  are  soonest  to  observe  and 
describe.  It  is  the  result  of  the  muscular  contractions  that  are  pro- 
duced by  the  electric  current.  They  usually  pass  off  in  two  or  three 
days,  and  are  scarcely  observed  at  all  after  the  patient  has  once  be- 
come accustomed  to  the  treatment.  By  making  the  first  tentative  ap- 
plications gentle  and  short,  it  is  possible  to  avoid  entirely  this  subse- 
quent muscular  soreness,  and  in  very  feeble  or  very  timid  patients  we 
should  always  endeavor  to  do  so. 

Indefinable  nervousness  is  another  occasional  secondary  effect^  and  one 
that  often  gives  rise  to  idle  and  unnecessary  alarm.  Like  the  soreness 
of  the  muscles,  it  usually  passes  off  in  a  day  or  two,  and  is  not  commonly 
experienced  after  the  patient  has  become  accustomed  to  the  treatment 

Weariness  and  exhaustion  may  be  experienced  by  this  clasi  of  pa 
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tients  foi  several  days  after  an  injudicious  application.  It  is  a  very 
interesting  and  important  fact,  that  these  annoying  secandary  syn»ptonis 
of  weariness  and  exhaustion  are  oftentimes  experienced  to  their  fullest 
extent  by  patients  on  whom  the  immediate  effects  for  a  few  hours  suc- 
ceeding the  application  are  only  agreeable.  On  account  of  this  fact, 
the  inexperienced  electro-therapeutist  may  be  unpleasantly  deceived^ 
and  from  the  temporary  enlivenment  of  his  patient  may  sti|>pose  that 
his  application  has  been  thoroLighly  successful,  until  the  distressing 
secondary  effects,  continuing  perhaps  for  several  days,  show  most 
clearly  that  it  has  been  either  too  strong  or  too  protracted. 

Permanent  or  Tonic  Effects. — To  designate  any  precise  time  or  stage 
of  the  treatment  when  these  tonic  effects  are  to  be  looked  for,  is 
manifestly  impossible.  Like  the  tonic  effects  of  other  analogous  in- 
ternal or  external  remedies,  the  time  of  their  appearance  must  be 
variously  modilied  by  the  nature  of  the  disease,  the  constitution  of  the 
patient,  and  the  skill  and  perseverance  of  the  treatments  They  may 
appear  early  in  the  treatment,  developing  theuiselves  with  great 
rapidity  ;  or  they  may  remain  latent  until  after  the  applications  are 
abandoned,  and  then  advance  with  sure  and  steady  progress.  They 
may  be  so  rapidly  manifested  at  the  commencement  of  the  treatment 
as  to  cause  us  to  suspect  them  to  be  more  the  result  of  mental  im- 
pression than  of  the  applications ;  and,  on  the  other  hand,  they  may 
develop  themselves  so  long  after  the  treatment  as  to  suggest  the  doubt 
whether  they  are  not  as  much  due  to  nature  and  time  as  to  the  direct 
electric  influence. 

Among  these  tonic  effects  of  general  faradization,  those  which  chiefly 
attract  the  attention  and  are  of  the  princitjal  importance  are  the  following : 

Improvement  in  the  5/^^/.— This  symptom  comes ^rj/ in  our  analysis 
of  the  permanent  effects  of  general  faradisation,  because  it  is  one  of 
the  first  to  be  appreciated  and  observed  by  the  patient.  As  insomnia 
is  the  most  constant  and  universal  symptom  of  those  various  nervous 
conditions  for  which  general  faradization  is  indicated,  just  so  is  Its  relief 
or  cure  the  first  and  leading  evidence  that  the  treatment  is  having  its 
desired  effect.  As  already  mentmned,  inclination  to  sleep  is  one  of  the 
immediate  symptoms  of  thtf  application?  and  may  come  on  even  in  the 
midst  of  the  stance  ;  but  the  improvenient  in  the  sleep  of  which  we 
here  speak,  as  ^  permanent  Q^tct,  is  appreciated  during  the  intervals  of 
treatment,  and  long  after  it  has  been  suspended. 

Increase  of  Appetite  and  Improvement  in  Digestion, — ^Increase  of 
appetite  and  improvement  in  the  digestion  is  not  so  early  nor  as  con- 
stant a  symptom  as  imj^rovement  in  the  sleep. 
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It  is  by  no  ntcans  a  constant  or  uniforni  effect*  even  in  those  caies' 
where  it  would  seem  to  be  needed,  and  where^  too,  in  all  orher  respects, 
great  and  lasting  benefit  is  derived  from  the  treatment.  Some  patients 
who  are  permanently  relieved  of  neuralgia,  of  insomnia,  and  of  muscular 
and  nervous  debility,  yet  observe  no  decided  improvement  IQ  ihcif 
digestion.     Such  cases,  however,  are  quite  exceptional. 

Regulaiion  of  ike  Botueh. — Constii)ation  sometimes  yields  very  early 
in  the  treatment.  The  temporary  effect  is  probably  due,  in  many 
instances  certainly*  to  the  direct  mechanical  action  of  the  current  on 
the  intestines  J  but  permanent  relief,  either  of  constipation  or  of 
diarrhoea  of  the  nervous  variety,  is  not  to  be  expected  until  the  indigestioo 
and  general  debility  on  which  they  depend  have  first  been  corrected. 

Improvement  in  the  Cireuiation. — Permanent  equalization  of  the 
circulation  is  most  observed  in  cases  of  dyspepsia,  nervous  ex- 
haustion, hysteria,  and  similar  conditions  with  which  defective  circular 
Hon  is  so  frequently  associated.  It  is  then  the  result  of  the  improve- 
ment in  the  assimilative  power  and  nutrition  of  the  system. 

Relief  of  Nervousness  and  Mental  Dfpresswn.^-'\\\^  indefinitei 
though  very  well  recognized  condition  which  we  term  nervousness, 
and  the  indefinable  mental  agony  that  forms  so  prominent  and  so 
distressing  a  symptom  in  hysteria,  dyspepsia,  exhaustion,  and  other 
nervous  conditions,  sometimes  yield  to  general  faradization  quite  early 
in  the  treatment. 

Increase  in  the  Size  and  Hardness  of  the  Muscles^  and  in  the  Weight 
of  the  Body. — This  is  a  natural  result  and  accompaniment  of  the  im- 
provement in  nutrition,  and  that  it  follows  the  use  of  the  faradic  as  well 
as  of  the  galvanic  current,  sufficiently  demonstrates  that  power  over 
nutrition  is  not  confined  to  the  latter. 

Under  the  influence  of  protracted  treatment  by  general  faradization, 
the  muscles  are  sometimes  developed  in  size  as  well  as  in  firmness  to 
a  degree  which  very  nato rally  astonishes  those  who,  for  the  first  time, 
have  their  attention  directed  to  it.  This  increase  in  size  and  quality  of 
the  muscles  is,  of  course,  chiefly  observed  in  those  portions  of  the 
surface  of  the  body  where,  under  the  influence  of  faradization,  con* 
tractions  are  most  easily  produced*  Therefore  we  first  look  for  this 
effect  in  the  arms,  the  legs,  and  afterwards  in  the  chest.  This  cflfect  is 
soonest  observed  in  patients  who  are  comparatively  thin,  or  at  least, 
whose  muscular  tissue  predominates  over  the  adipose.  On  the  otbet 
hand,  and  for  obvious  reasons,  it  is  not  so  perceptible  in  females,  ot 
in  the  very  corpulent  of  either  sex. 

Under  general  faradization  actual  increase  in  the  site  and  weigH  €f 
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thi  hody  sometimes  takes  place  so  rapidly  and  perceptibly  to  the  eye 
that  it  need  not  be  conlirmed  by  reference  to  the  scales.  In  othei 
cases,  where  patients,  cither  through  curiosity  or  accident,  have  care- 
fully weighed  themselves  just  belorc  taking  a  course  of  treatment^  a 
roost  remarkable  increase  of  weight  has  often  been  observed  in  the 
course  even  of  a  few  weeks. 

The  increase  of  weight  is  simply  a  result  of  the  effect  of  the 
electric  currents  on  nutritioni  and  a  natural  sequence  of  the  improve- 
ment in  the  sleep,  the  increase  of  appetite,  and  the  relief  of  pain  and 
mental  depression  of  which  we  have  already  spoken. 

Increased  Disposition  and  Capacity  for  Labor  of  the  Muscles  and  of 
the  Brain, — Whatever  tends,  directly  or  indirectly,  to  improve  nutrition 
must  of  necessity  increase  the  capacity  for  intellectual  and  muscular 
toil.  Accordingly  we  find  that  patients  who  were  so  feeble  that  even  a 
fthort  walk  or  ride  was  fatiguing,  and  who  were  signally  deficient  both 
in  the  will  and  the  capacity  for  exertion,  soon  begin  to  develop,  under 
treatment,  an  activity  and  vigor  that  is  sometimes  surprising.  They 
can  walk  farther  and  more  vigorously,  and  with  greater  enja}Tnent, 
They  realize  a  consciousness  of  strength  to  which  before  they  were 
strangers,  and  feel  emboldened  lo  exertion  from  which  they  would  for- 
merly have  shrunk  with  apprehension. 

Concerning  these  pennanent  tonic  effects  it  is  to  be  observed  : — 

1.  They  are  not  uniform.  They  vary  not  only  with  different  individ- 
uals and  diseases,  but  also  with  the  same  individual  at  different  periods 
of  life. 

2.  They  are  more  rapidly  appreciated  by  the  active  and  the  nervous 
than  l^y  the  cold  and  phlegmatic.  Other  conditions  being  the  same,  a 
sensitive,  impressible  organization  will  recover  more  rapidly  under  gen- 
eral faradization  than  one  of  an  opposite  temperament. 

3.  They  are  frequently  not  experienced  until  long  after  the  treat- 
ment is  abandoned.  These  after  ejects  of  general  faradization  are 
worthy  of  the  highest  attention.  The  possibility  that  they  may  occur 
is  a  constant  encouragement  in  the  treatment  of  all  slow  and  obstinate 
cases. 

4.  Tlkey  arc  usually  as  lasting  and  permanent  as  similar  effects  from 
Hher  remedies  and  systems  of  treatment.  It  is  true  that  patients  who 
have  been  apparently  cured  by  general  faradization  are  subject  to  re- 
lapses, yet  to  no  greater  and  apparently  to  a  less  extent  than  those  who 
have  derived  similar  relief  from  internal  medication.  In  considering 
this  statement,  regard  should  be  had  to  the  fact  that  the  diseases  for 
which  general  faradization  is  chiefly  indicaledi  at  least  those  in  which  if 

^4 


370 


GENERAL  FARADIZATION. 


I 
I 


has  thus  far  been  most  successful,  are  just  the  diseases  which  are 
likely  to  relapse  under  any  or  all  forms  of  treatmenL 

Rationale  of  the  Effects  of  General  Faradisation . — It  has  been  said 
of  general  faradization  that  it  is  not  physiological ;  but  they  who  raise 
this  objection  do  not  well  consider  what  they  say.  Of  the  various  methodi 
of  electrization  none  can  be  better  explained  on  a  physiological  basit 
than  can  this.  General  faradization  is  to  the  whole  body  what  localized 
faradization  is  to  an  individual  part  or  organ*  Al!  the  physical,  me* 
chanical,  chemical  and  physiological  effects,  with  die  consequent  in- 
crease of  the  processes  of  waste  and  repair  and  iniproveuient  in  nutri- 
tion that  electrization  is  capable  of  producing  in  the  hving  tissues  (sc€ 
Electro  Physiology,  p,  177)  and  which,  in  exclusively  localized  applica- 
tions, are  mainly  confined  to  the  part  which  is  traversed  by  the  current, 
arc  in  general  applications  appreciated  by  every  part  of  the  system.  ■ 
Then,  again*  the  improvement  which  each  part  or  organ  receives  from 
the  treatment  reacts  upon  every  other  part  and  organ.  Every  effect 
becomes  in  its  turn  a  cause  ;  the  strengthened  brain  sends  more  ner\'0iii  ■ 
force  to  the  stomach,  by  which  the  latter  is  enabled  to  send  better  blood 
to  the  brain. 

Comparing  what  is  knoi^fi  of  the  conductibility  of  the  tissues  (sec 
p.  180),  and  the  action  of  the  electric  currents  upon  tliem»  with  the  ob* 
served  effects  of  general  faradization,  these  effects  may  be  regarded  ai 
due  mainly — 

1.  To  the  fact  that  the  nutrition  of  the  entire  central  nert^ons  system 
is  directly  influemed  by  the  current.  In  an  ordinary  application  the 
brain,  spinal  cord,  and  sympathetic  ganglia  are  all  subjected  to  the  ac- 
tion of  the  current.  In  most  of  the  applications  of  central  localized 
electrization  only  a  part  of  the  central  nervous  system  is  affected  at 
each  sitting.  We  are  warranted  in  believing  that  in  nearly  all  nervous 
diseases  the  central  nervous  system  is  more  or  less  disturbed,  even  when 
it  is  not  organically  diseased. 

2.  The  passive  exercise  that  results  from  the  vigorous  and  repeated 
tnuscjilar  contractions  produced  by  the  applications*  VV^hen  the  applica- 
tions are  thoroughly  and  skilfully  made,  vigorous  yet  agreeable  con- 
tractions are  excited,  not  only  in  all  the  superficial  muscles,  but  ui  the 
deeper  layers,  and  also  of  the  contractile  fibre-cells  of  the  stomach« 
the  intestines,  and  other  vital  organs.  The  augmentation  of  the  mani- 
fold processes  of  waste  and  repair  which  a  single  sitting  causes  in  the 
muscles  and  abdominal  organs  would  alone  powerfully  influence  nutri- 
tion, even  though  the  electric  current  exerted  no  direct  effect  on  tht 
Dervous  system- 
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Tliat  the  tonic  effects  of  general  faradization  are  verj^  largely  due  to 
^\t  passive  exercise  which  it  produces,  is  proved  clinically  by  the  fact 
that  when  a  current  too  feeble  to  cause  muscular  contractions  is  used, 
01  when  the  muscles  are  neglected,  the  tonic  as  well  as  the  primary 
effects  of  the  treatment  are  much  less  marked. 

3.  Jiefiix  action  from  the  sensory  nerves^  The  reflex  effect  of  the 
(aradic  current  even  is  very  powerful,  and  in  general  faradization  nearly 
»U  the  superficial  sensory  nerves  are  acted  upon,  and  consequently  the 
whole  nerv^ous  system  is  constantly  under  reflex  as  well  as  direct  in- 
fluence of  the  current,* 

*  Brown-S^uflrd  tnd  Lombard  (Archives  dc  Physiol,  November  and  December, 
1869)  luve  shown  that  when  one  arm  is  pinched  the  temperalure  of  that  arm  slightly 
<i«s»  tod  tijtl  of  the  opposite  arm  falls.  Dr.  James  J.  Potnam  (Boston  Medical  and 
Surgical  Journal,  June  23,  1870)  has  shown  by  a  series  of  experiments  on  frogs  that 
cl^cfriutionof  one  foot  caused  reRcx  contractions  of  the  blood-vessels  in  the  web  of 
tlie  foot  of  the  opposite  side.  These  experiments,  taken  in  connection  with  the  fact 
tl»«t  nutrition  ts  closely  related  to  circulation,  would  render  it  clearly  probable  that 
I  fc^  ftclion  b  an  important  factor  of  the  results  of  application  of  electricity^  and 
^qjeciaJJj  of  general  faradization^  ^h«rc  the  extremities  are  directly  aifectcd  by  the 


CHAPTER  XL 

PIFFEKENTIAL  INDICATIOKS   FOR  THE  USE  OF  LOCALIZED  AND  CINIU* 

FARADIZATION. 

In  order  to  determine  the  differential  indications  for  the  use  o^ 
localized  and  general  faradization  we  need  to  consider  these  fon^ 
facts : 

Fir  sty  That  general  faradization  directly  affects  the  whole  body,wiiil^ 
in  localized  faradization  the  direct  action  of  the  current  is  mainly  con- 
fined to  the  part  to  which  the  application  is  made. 

Secondly^  That  general  faradization  may,  by  sympathetic  or  reic« 
action,  indirectly  have  a  special  therapeutic  influence  on  some  sfttimS 
part  or  organ,  while  localized  faradization  of  any  part,  but  especially 
of  the  sympathetic  or  cerebro-spinal  axis,  by  sympathetic  or  rcflc* 
action,  may  indirectly  have  a  general  therapeutic  influence  on  tlics 
•whole  body. 

Thirdly^  Faradization,  when  properly  performed,  very  rarely  injoir«» 
and  usually  more  or  less  benefits,  even  those  parts  which  are  in  con*- 
parative  or  absolute  health.  This  consideration  has  an  important  pra^^ 
tical  bearing,  especially  in  the  use  of  general  faradization,  in  cases  O^ 
doubt  as  to  the  seat  of  the  disease.     (See  p.  234.) 

Fourthly^  In  nearly  all  cases  it  is  important,  and  in  many  itisindi^^ 
pensable,  that  the  applications  should  be  made  to  the  seat  of  the  6s^'^ 
ease  as  well  as  to  the  locality  of  the  symptom.     Scientific  electro-thei*''^ 
peutics,   therefore,  requires  the  most  accurate  preliminary  diagnoa$r 
above  all,  it  is  important  to  rigidly  discriminate  between  diseases  whidi 
are  of  a  constitutional  and  those  which  are  of  a  local  origin. 

From  these  fundamental  considerations  we  logically  derive  the  gen- 
eral law  that  constitutional  diseases  are  better  treated  by  general^  9»k 
local  diseases  by  localized^  faradization. 

More  specifically,  experience  demonstrates  that  of  the  large  variety  Ot 
diseases  for  which  applications  of  electricity  are  found  usefiilf  localiicd 
faradization  and  galvanization  are  specially  indicated  in  those  cases 
where  both  the  seat  and  the  effects  of  the  disease  are  restricted  to  cer- 
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tain  portious  of  the  organism,  with  but  slight  or  imperceptible  intiuenr^. 
on  the  system  at  large.  Under  this  head  are  included  nearly  all  peri- 
pheral and  retlex  paralyses  and  neuralgias,  etfusions,  sprains,  and  local 
injunes,  and  also  many  of  the  diseases  of  the  eye,  ear,  larynx,  and 
genital  and  digestive  organs.  ^^ 

On  ihe  otiier  hand,  general  faradization  is  indicated —  ^B 

t*  In  those  diseases  that  are  dependent  on  or  associated  with  inj^ 
paimient  of  nutrition  and  general  debility  of  the  vital  functions,  such  asi 
nervous  dyspepsia,  neurasthenia,  ana&niia,  hysteria,  hypochondriasis, 
paralysis,  and  neuralgia  of  a  constitutional  origin,  rheumatism  and 
other  toxic  diseases,  some  forms  of  chorea,  and  oftentimes  in  func- 
tional disorders  of  the  genital,  digestive,  and  other  special  organs.  i 

2.  In  morbid  symptoms  dependent  on  some  local  cause  which  can- 
not be  satisfactorily  diagnosricated.  It  must  be  confessed  that  a  large 
number  of  cases  of  chronic  diseases  are  frequently  dependent  on  of 
connected  with  some  important  lesions,  of  which,  during  the  lifetime  of 
Ihe  patient,  even  the  most  approved  methods  of  diagnosis  and  the  most 
practised  skill  utterly  fail  to  ascertain  either  the  nature  or  the  locality. 
This  is  oftentimes  the  case  with  epilepsy,  hysteria,  and  hypochon 
driasts ;  sometimes,  also,  with  affections  of  special  organs,  as  the  eye, 
ear,  larynx,  and  uterus. 

Benedikt  emphatically  aflirms  that  electricity  should  be  applied  almost 
exclusively  im  hco  morbi^  in  the  place  of  the  disease,  and  in  cases  of 
doubt  recotu mends  tentative  applications  successively  in  all  the  sus- 
pected localities  until  the  diagnosis  is  made  out  by  the  success  of  the 
treatment.^  It  scarcely  need  be  said  that  this  purely  experimental 
system,  though  sometimes  successful,  nmst  be  and  is  annoying,  uncer- 
tain, and  very  frequently  unsatisfactory. 

The  advantage  of  general  faradization  in  such  cases  of  doubtful  patho- 
logy are  twofold  ;  Firsts  at  each  application  it  affects  all  parts  of  the 
body,  and  thus  is  sure  to  reach  the  seat  of  the  disease,  wherever  that 
may  be  ;  and,  secondly^  it  at  the  same  tiuie  unproves  the  general  nutri- 
tion of  the  system,  which,  in  such  cases,  is  frequently  more  or  less  im- 
paired. This  improvement  in  nutrition,  as  has  been  stated,  oftentimes 
r-acts  favorably  on  the  local  disease. 

Still  further,  it  must  be  confessed  that  very  many  of  the  diseases  in 
which  general  faradization  is  proved  to  be  of  most  efficient  service, 
are  those  in  which  no  special  iocus  morbi  can  be  found  even  on  po$i 
mmUm  examination. 


•  0k  Electrolherapic     Wien,  1868,  p.  7^ 
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Future  invcsrigations  will  undoubtedly  do  much  tn  dispel  our  igw>^ 
ranee  on  these  points,  and  will  probably  assign  a  definite  local  cause 
lo  some  of  the  diseases  which  are  now  vaguely  classed  as  comutu- 
tianaU  But  even  those  diseases  in  which  the  local  cause  is  dc6niieij 
ascertained  may  denmnd  constitutional  treatment  as  njuch  as  or  mm 
than  tliose  in  which  no  local  cause  is  demonstrated.  When  a  house  ii 
set  on  hre  by  a  burning  fuse,  it  is  not  enough  to  snatch  away  the  fuse; 
we  must  extinguish  the  flames.  When  the  nervous  system  has 
thrown  into  tetanus  by  a  wound  in  the  foot,  excision  or  healing  ( 
wound  is  of  little  avail ;  remedies  must  be  directed  to  the  central  ner- 
vous system.  Precisely  so  when  chronic  local  disease  has  eofecbUd 
the  vital  functions  and  impaired  nutrition,  our  applications  are  to  be 
directed  to  the  general  system  as  well  as  to  the  seat  of  the  lesion. 

J.  In  certain  diseases  which,  though  themselves  incurable,  aic 
companied  by  impairment  of  nutrition  that  is  susceptible  of  more  or 
relief*     Palsy  agilanst  nmny  cases  of  cerebral  and  spinal  paralysis,  ad- 
vanced stages  of  locomotor  ataxia,  rheumatic  gout,  epilepsy,  and  cer* 
tain  spastic  affections,  may  be  absolutely  incurable,  and  yet  the  ema- 
ciation, nervousness,  insomnia,  and  general  feebleness  with  which  these 
diseases  are  associated  as  cause  or  effect  or  concomitant,  may  be  stt>* 
ceptible  of  most  grateful  relief  from  general  faradization.     In  notAlcW' 
cases  of  disease  of  these  varieties,  after  we  have  failed  to  do  any  goo^^ 
by  galvanization  of  the  brain,  sympathetic  and  spinal  cord,  after  even 
central  galvanization  has  failed,  general  faradization  alone,  given  iritb- 
out  special  reference  lo  the  seat  of  the  pathological  lesion,  has  greitiy 
relieved  the  symptoms  and  been  of  invaluable  service  by  virtue  of  ic* 
tonic  effects,  although,  of  course,  it  could  have  no  permanently  cui*tir« 
influence. 

Illustrative  cases  of  every  grade  will  hereafter  be  presented  in  detaiU 

Cause  of  Failures   in   Eieciro-Therapeuiics, — The   comparison  i* 
have   here  made    reveals   the    cause   of   some    of  the   failures  vA 
discouragements    that    have   been    and   are   now  being   encountered 
by    many   experimenters    in    the  department  of  electro-thcrapeutici 
Constitutianal  diseases  have  beefi  treated  locally.      Morbid  conitittt' 
tional    conditions,  such    as    hysteria,   anxmia,  rheuniatism,  and  tibt 
like,  which,  as  all  physicians  agree,  demand  remedies  that  affect  the 
system,  are  treated  electrically  only  through  their  local  symptoms,  suck 
1^  peripheral  paralysis,  or  neuralgia,  or  inflammation  of  the  joints 
Temporary  relief,  or  metastasis  of  these  local   symptoms  may  indcci 
result  from  exclusively  localized  applications  in  such  cases,  but  pcf^ 
manent  coirection  of  the  morbid  condition  on  which  these  symptou4 


COMBINATION  OF  THE  METHODS. 


375 


depend  can  only  be  obtained  by  general  treatment  In  subacute  rheti- 
matism,  for  example,  galvanization  or  faradization  of  an  intiamed  joint 
frequently  removes  the  pain  and  eflfnsion  in  that  joint,  and  therefore 
may  advantageously  be  used  with  general  faradization,  just  as  the  ex- 
ternal application  of  alkaline  solutions  may  advantageously  be  com- 
bined with  the  internal  administration  of  the  same  remedies ;  but  to 
depend  on  merely  localized  electrization  in  such  cases  is  manifestly  as 
un philosophical  as  it  would  be  to  depend  on  merely  local  applications 
of  alkalies.  In  general  practice  it  will  unfortunately  be  found  that 
physicians  will  frequently  use  localized  in  cases  for  which  general  treat- 
ment is  indispensable  for  complete  results,  for  the  reason  that  tliey 
have  neither  the  time  nor  the  practice  to  enable  them  to  use  the  lattei 
method  with  success  ;  just  as  the  majority  of  general  practitioners,  for 
want  of  a  galvanic  apparatus,  are  obliged  to  use  faradization  in  cases 
(or  which  galvanization  is  imperatively  demanded. 

Combinatwn  of  the  Meth&ds.^^diWf  cases  are  most  successfully  treated 
by  a  combination  or  alternation  of  the  two  methods.  Thus  rheumatism, 
for  example,  may  be  treated  one  week  or  one  day  by  general  faradiza- 
tion, and  the  following  day  or  week  by  local  faradization  or  galvaniza^ 
tion  of  the  affected  joints. 

This  comparison  furthermore  reveals  and  explains  the  suggestive 
fact  that  the  sphere  of  electrotherapeutics  has,  in  a  measure,  corre- 
sponded to  and  progressed  with  the  advance  in  the  method  of  a|>plica- 
tion.  Thus,  when  peripheral  applications  were  chiefly  used,  the  scope 
of  electro -therapeutics,  though  important,  was  narrow,  neuralgia  and 
paralysis  being  the  diseases  for  which  it  was  mainly  employed.  On 
the  introduction  of  localized  galvanization  of  the  nerve-centres,  electri- 
city ivas  found  to  be  most  useful  for  many  conditions  in  which  pre- 
viously it  bad  been  supposed  to  be  either  valueless  or  contraindicated. 
The  sphere  of  electro- therapeutics  is  by  general  faradization  and  cen- 
tral galvanization  still  further  extended  to  embrace  a  large  variety  of 
conditions  and  indications  which  localized  applications  ful&lv^ther  not 
at  all,  or  but  very  imperfectly. 
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A  fetoale  patient  is  taken  in  order  to  show  that  this  method  in  iu 
*otirety  requires  little  or  no  exposure. 


A 


J 
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Central  Galvanization*  second  stag^.  One  pole  same  positton  ks  before,  or  lo»«i 
down,  and  the  other  passed  tip  and  down  by  the  inner  border  of  I  lie  stei**o- 
deidcKmasLoid  muscle  from  the  aariculo-maxillary  fossa  to  the  sternum. 


Details  of  the  Applications, — We  do  not  always  make  the  appuca- 
lions  all  over  the  head,  but  tnereLy  on  the  forehead^  gently  passing  the 
electrode  from  one  side  to  the  other  \  then  baptize  the  patient  on  the 
cranial  centre^  at  the  top  of  the  head,  and  rest  the  pole  there  for  about 
Dne  minute,  and  sometimes  longer.  To  the  head  we  apply  from  tv¥o 
to  six  or  eight  cells — for  patients  vary  in  their  susceptibility— beginning 
with  a  weak  current,  and  gradually  increasing  until  a  sour  or  metallic 
taste  is  perceived  in  the  mouth.  The  cranial  centre — the  summit 
belween  the  ears — we  regard  as  the  most  important  region  of  the  heatl 
in  all  electrical  applications,  and  especially  in  central  galvanization*  A 
current  passing  from  that  point  to  the  epigastrium,  traverses  the  centre 
of  life^if  life  has  any  centre^and  affects  the  sympathetic,  and  the  roots 
of  the  facial  nerves.  The  sensation  produced  by  this  application  is 
different  from  that  of  any  other  application  to  the  head,  and  is  some> 
times  indefinable. 
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An  application  to  this  point  for  one  or  two  minutes  is  usi  ally  about 
as  much  galvanization  as  the   brain   needs*      In  exceptional   cases, 

wliere  the  hair  is  thin,  or  the  head  is  bald,  we  make  the  applications  all 
over  the  surface,  back  and  front.  In  applications  to  the  head,  care 
should  be  taken  to  avoid  sudden  interruptions,  or  shocks  that  cause 
dizziness ;  the  flashes  of  light  before  the  eyes  are  of  little  account,  but 
nothing  is  gained  by  producing  them,  and  they  are  annoying  to  the 
patient. 


Fta  98' 
Central  Galvanization^,  third  stage.  One  pole  same  posiibn  ms  before,  or  on  the 

breastbone,  and  the  cither  at  the  back  of  the  neck  between  the  first  and  seveath 
cervical  vertebrae. 


The  electrode  is  then  passed  down  the  inner  border  of  the  stemo- 
cleido-masloid  muscle,  from  the  auriculo-maxillary  fossa  to  the  clavicle, 
for  the  purpose  of  affecting  the  pneumogastnc  and  sympathetic. 
We  usually  make  the  application  on  both  sides,  and  from  one  to  jve 
minutes. 

In  galvanizing  the  spine,  especial  attention  is  given  to  the  <iH&^pinal 
centre,  below  the  first  and  seventh  cervical  vertebnip,  which  is  to  the 
spine  what  the  cervical  centre  is  to  the  brain.     Tlrie  cervical  sympathetic 


Fig,  99. 
uEifTRAL  Galvanization,  founb  sta^     One  pole  s&ioe  posit ba  t&  before,  or  ovet 
the  abdomen^  and  the  other  passed  beneath  the  loosened  clothings  up  and  dowo 
the  cord,  from  the  seven th  cervical  vertebra  to  the  coccyx. 

The  back  may  be  treated  from  three  to  six  minutes,  and  the  whole 
length  of  tlie  seance  of  central  galvanization  ranges  from  five  to  fifteen 
minutes. 

Preparatioti  &f  the  FatUnt-^AW  the  preparation  a  mai£  patient  re* 
quires  for  central  galvanization  is  to  unbutton  and  loosen  the  collar, 
remove  the  coat  and  vest,  and  slip  up  the  whole  clothing,  so  that  free 
access  can  be  had  to  the  spine. 

A  Jtmaie  patient  Jiiay  remove  her  corsets  and  sh'p  up  bcr  under 
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clothing,  or  merely  loosen  the  clothing  at  the  neck  and  waist,  so  as  re 
make  room  for  an  electrode  to  be  passed  down  to  the  epigastrium,  and 
for  a  spinal  electrode  to  be  passed  up  and  down  the  back. 

Electrodes, — For  the  negative  electrode  at  the  pit  of  the  stamadi, 
any  spot^ge  or  flannel  electrode  with  a  broad  surface,  so  as  not  to  be 
too  painful,  and  an  insulated  handle  that  the  patient  can  hold,  will 
answer. 

For  the  positive  pole,  we  prefer  adjustable  electrodes  (see  p.  323)t  of 
different  sizes.  These  can  be  passed  under  the  clothing  with  great  ease, 
and  can  also  be  provided  with  flannel  covers,  that  may  be  washed  as 
often  as  necessary. 

Battery,— hhxiQ^l  any  form  of  galvanic  battery  will  answer  for  central 
galvanization,  but  for  reasons  before  given  (p.  311),  a  battery  that  gives 
a  steady  uniform  current,  and  that  is  provided  with  a  rheostat,  is  pre* 
ferable.  The  Cabinet  battery  is  exceedingly  convenient  for  central 
galvanization. 

The  method  of  central  galvanization  is  based  on  these  four  as- 
sumptions, all  of  which  seem  to  us  justifiable. 

1.  That  in  a  very  large  number  of  diseases,  and  especially  of  the  so- 
called  functional  diseases,  the  pathology  is  not  exclusively  confined  tc 
any  region  of  the  brain,  or  sympathetic,  or  spinal  cord,  but  the  whole 
central  nervous  system  is  invaded  by  a  condition  of  exhaustion  and  ir- 
ritability. We  believe  this  to  be  true  not  only  of  hysteria,  chorea^  and 
of  many  affections  allied  to  them,  but  of  certain  states  of  neuralgia,  and 
a  number  of  diseases  of  the  skin.  It  is  possible,  furthermore,  that  some 
diseases  that  are  not  now  regarded  as  in  any  respect  of  a  nervous  char- 
acter may  in  the  future  be  shown  to  depend  so  closely  on  the  nervous 
system  that  they  can  be  most  successfully  treated,  not  through  their 
varying  and  local  manifestations,  but  through  the  brain,  spinal  cord,  and 
sympathetic.  That  certain  diseases,  not  primarily  nervous,  do  so  affect 
the  nervous  system  that  they  need  to  be  treated,  in  part  at  least,  by 
remedies  that  act  on  the  nerves,  will  be  conceded,  I  suppose,  without 
question. 

2.  That  a  large  proportion  of  the  most  frequent  and  distressing  chronic 
diseases,  as  hysteria,  hyi>ochondria,  neurasthenia,  chorea,  epilepsyi 
nervous  dyspepsia,  neuralgia,  and  many  forms  of  insanity,  are  so  obscure 
and  subtle  in  their  pathology  that  it  is  impossible  to  determme  the  pre- 
cise seat  of  the  disease  in  any  given  case,  even  where  some  local  patho- 
logical condition  may  exist,  and  consequently  we  can  never  know  just 
where  the  current  should  be  localized.  Even  when  the  seat  of  die  dis- 
ease is,  Of  is  supposed  to  be,  accurately  known^  if  a  special  revelation 
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'sitould  kindly  inform  us  whether  epilepsy,  for  example,  takes  its  origin 
in  the  brain  or  in  the  sympathetic,  and  should  pomt  out  to  us  just  where 
the  Jesion  occurred,  we  should  still  be  in  the  dark  in  regard  to  the  best 
method  of  localizing  the  current,  for  without  another  and  still  more 
compleac  revelation  we  could  not  determine  the  extent  to  which  aU 
other  parts  of  the  nervous  system  had  been  affected  by  the  local  dis- 
ease. 

The  force  of  this  objection  to  the  use  of  the  accepted  method  of 
galvanizing  the  brain  and  cervical  sympathetic  is  seen  when  we  attempt 
10  give  the  complete  pathology  of  any  of  the  diseases  we  have  just  men* 
Honed,  and,  indeed,  of  almost  any  nervous  disease  that  can  be  men- 
tioned. Where  is  the  precise  seat  of  the  disease  in  nervous  dyspepsia  ? 
We  know  that  the  stomach  is  weak,  and  we  prescribe  galvanization  of 
the  pneumogastric ;  but  what  have  the  solar  plexus  and  the  spinal  cord 
to  say  in  the  matter?  Who  can  tell  just  how  not  only  they,  biu  the 
brain  itself,  may  be  the  origin  of  nervous  dyspepsia,  or  how  much  they 
share  in  the  pathological  disturbance*  and  consequently  how  much  they 
need  treatment  ?  After  eleven  centuries  of  medical  study,  who  can 
tell  the  precise  and  exclusive  seat  of  the  disease  in  epilepsy^  hysteria,  and 
neurasthenia?  Is  not  the  probability  continually  growing  stronger 
with  the  advance,  of  science,  that  in  these  and  many  other  diseases  the 
whole  or  a  large  part  of  the  central  nervous  system  shares  as  a  cause, 
or  result,  or  concomitant  ?  Even  in  those  diseases  where  the  lesion  is 
understood,  is  there  not  much  more  of  the  unknown  than  of  the  known  ? 
In  locomotor  ataxia,  progressive  nuiscular  atrophy,  spinal  congestion 
and  irritation,  is  the  spine  only  at  fault  ?  Do  the  sympathetic  andlir;iin 
wholly  escape  the  infection?  **Evil  communications  corrupt  good 
manners  *'  in  pathology  as  well  as  in  morals,  and  the  communications 
between  the  sympathetic,  and  cord,  and  brain,  and  the  nerves  that  branch 
from  all  these,  are  so  varied,  and  intimate,  and  complex,  that  when  the 
cord  is  known  to  be  diseased  we  very  naturally  incline  to  consider  the 
other  parts  of  the  nervous  system,  like  **  poor  dog  Tray,"  in  bad  com- 
pany, and  we  become  very  justly  suspicious  of  their  character.  In  this 
suspicion  we  are  justified  by  the  accepted  views  of  the  functions  of  the 
sympathetic,  and  by  the  clinical  signs  and  symptoms  of  these  diseases. 

In  cerebral  hemorrhage  we  usually  know  the  general  locality  of  the 
disease,  if  not  its  precise  nature ;  but  the  spinal  cord,  through  disuse, 
becomes  affected  with  secondary  degenerations,  and  the  organs  of  di- 
gestion also  more  or  less  s)rmpathize. 

3.  That  the  nutrition  of  the  central  nervous  system  will  be  improved 
by  paissing  through  it  a  mild  galvanic  current. 
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That  in  the  great  raajority  of  cases  of  so-called  functional  nerv%' 
disease,  and  in  many  of  the  cases  of  special  structural  lesions,  nerv«- 
tonics  are  indicated,  ^ill  be  questioned  by  no  one.  It  is  also  conting 
to  be  pretty  generally  admitted  that  electricity  is  something  more  than 
a  stimulant — that  it  is  a  i^nic  with  a  powerful  sedative  influence.  Still 
furtheri  it  is  admitted  that  the  sedative  and  tonic  effects  of  electricit) 
can  be  obtained  by  passing  the  current,  with  little  oi  no  interruption, 
through  any  part,  the  nutrition  of  which  needs  to  be  improved, 

4.  It  is  impossible  to  exclusively  localize  the  current  in  the  cervical 
sympathetic,  hence  it  is  certain  that  the  good  results  that  in  some  instances 
follow  the  galvanisation  through  the  neck  are  due  to  the  effect  of  the 
current  on  the  spinal  cord  or  pneumogastric,  as  well  as  to  the  cervical 
ganglia  of  the  sympathetic.  That  the  beneficial  effects  of  galvaniicing  the 
neck  in  cases  of  nausea,  dyspepsia,  and  gastralgia,  are  due  in  part  if  not 
entirely  to  the  effect  of  the  current  on  the  pnenmogastric,  is  more  than 
probable.  Conversely,  wc  find  it  impossible  to  tell  how  far  our  attempts 
to  localize  the  current  in  the  pncumogastric,  by  placing  one  pole  at  the 
pit  of  the  stomach  and  the  other  by  the  inner  border  of  the  sterno-cleido- 
mastoid  muscle,  was  successful ;  and  whether  the  benefit  derived  took 
place  through  the  pneumogastric,  the  sympathetic  alone,  or  through  both 
combined,  seems  beyond  the  power  of  mortal  skill  to  determine. 

Similar  difficulties  are  experienced  in  the  attempt  to  differentiate  the 
effects  of  the  galvanizing  the  brain  ;  how  much  the  results  of  applica* 
Sons  to  the  head  arc  due  to  the  direct  or  reflex  action  of  the  current  on 
the  brain  itself,  how  much  to  its  action  on  the  cephalic  ganglia  of  the 
sympathetic,  and  how  much  to  its  action  on  the  roots  of  the  pneumo- 
gastric and  the  upper  part  of  the  spinal  cord,  seems  in  the  present  state 
of  the  sciences  of  anatomy  and  physiology  absolutely  impossible  to  de- 
termine* In  galvanizing  the  spine  we  are  puzzled  by  the  same  com* 
plications.  The  cervical,  thoracic,  and  abdominal  ganglia  of  the  sym- 
pathetic, with  their  enormous  plexuses,  are  all  liable  to  be  affected  by 
the  current  whenever  it  is  applied  up  and  down  the  spine  ;  and  how  far 
the  beneficial  results  of  galvanization  are  due  to  the  effect  of  the  cur- 
rent on  the  cord  itself^  and  how  far  to  its  effect  on  these  ganglia  and 
plexuses,  only  a  special  revelation  can  determine. 

Still  further,  the  subject  is  complicated  by  the  consideration  that 
electricity  works  powerfully  by  rellex  action,  and  in  galvanizing  the 
brain,  the  cervical  sympathetic,  or  the  spine,  reflex  action  must  continu* 
ally  take  place  through  the  nerve-centres,  and  the  therapeutical  resultf 
produced  hy  such  treatment  must  be  in  part  attributable  to  such  re1*y 
action. 


I 
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The  f>cisitive  pok  (anode)  is  applied  over  the  head,  neck^  and  spine, 

because   it  is  less  irritating  than  the  negative,  and  tends  to  diminish  irri- 

lability.       The  majority  of  the  cases  for  which  central  galvanization  is 

tas^d  are  in  a  condition  of  abnormal  irritability,  and  need  the  calming 

effects  of  analectrotonos  rather  than  the  irritating  effects  of  catalectro* 

lonos,      •Jo  this  rule  there  are  individual  exceptions  :  there  are  cases 

thai  app^^  iQ  be  benefited  more  by  the  negative  than  the   positive 

l»^<^-      (See  pp.  226-228,) 

''^^  negalive  pole  (cathode)  is  placed  at  the  epigastriom,  because 
the  epigastrium  is  a  good,  i nd itTerent  point,  that  will  bear  well  the  irri- 
tating effect  of  catalectrotonos.  In  order  to  avoid  over-irritiAting  the 
^toma^ch  and  the  pneumogastric  nerve,  it  is  well,  in  very  sensitive 
"•"^^^ts,  and  when  long  applications  are  used,  to  change  the  posidon 
"^^  ne^tive  electrode  by  moving  it  up  and  down  between  the  ster* 
■urn  ^uti  abdomen. 


Th, 


positive  and  negative  modifications  (see  Electro-Physiology,  p.  103) 


*t  t^^fce  place  at  the  breaking  of  the  galvanic  current,  in  the  region  of 

^^  ^node  and  the  cathode,  probably  complicate  somewhat  the  effects  of 

^^'■i^rient — are,  indeed,  factors  of  some  importance  in   producing  the 

wccf-^^  and  not  unlikely  explain,  in  part,  the  disagreeable  results  that 

from  too  frequently  interrupting  the  current  when  treating  nerve* 

^^^s.    The  positive  and  negative  modifications  can,  however,  be 

t*5tl^  avoided  by  using  a  rheostat  of  some  kind,  and  gradually  reducing 

^^^■"cngth  of  the  current  to  a  minimum  before  the  electrodes  are  re- 


enti-, 


^^^^&a/  Galvanisation  Compared  ivifh  Localized  Galvanisation  of  the 

^^^^^ -centres. — We  claim  for  central  galvanization  a  distinct  and  sepa^ 

X^osition  among  ihc  different  methods  of  using  electricity  in  medicine* 

^^   "Applications  of  the  galvanic  current  to  the  head,  the  neck,  and  the 

^in^^    which  have  been  variously  used  by  electro-therapeutists  since  the 

■p^      ^af  Remak,  are  simply  forms  of  localized   electrization,  since  the 

^Ije^c::^  aimed  at  in  all  of  them  is  to  localize  the  current,  so  far  as  possible, 

tn  til  ^  brain  or  some  portion  of  it,  in  the  cervical  ganglia  of  the  sympa- 

fhclt^:::^  or  in  the  spinal  cord     Then,  again,  in  all  these  fornis  of  localized 

pi v^.T\i nation  of  the  nerve-centres,  the  poles  are  placed  near  each  other 

QStX    the  part  to  be  affected,  and  the  peculiar  action  of  both  poles  is  felt, 

^  y^t^  as  is  possible  by  external  application,  in  the  organ  that  is  treated. 

\^  galvanizing  the  head,  for  example,  the  poles  are  applied  behind 

|Y|C   Cars,  or  in  front  of  them,  or  one  is  placed  on  the  forehead,  and 

^[^e  ^ther  on  the  occiput,  or  at  the  nape  of  the  neck.     In  galvanizing 

-we  Cervical  ganglia  ol  the  sympathetic,  one  pole  is  placed  on  the 
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tiuriciilo-maxillary  fossa,  or  along  the  inner  border  of  the  stemo-clcido 
mxstoid  muscle,  while  the  other  is  apphed  at  the  back  of  the  neck.  Id 
'galvanizing  the  spine,  one  pole  is  placed  at  the  upper  or  lower  part, 
while  the  other  is  passed  up  and  down  the  entire  length,  or  kept  in  one 
place,  or  both  may  be  moved  up  and  down  the  entire  length  of  the 
cord,  or  confined  to  any  portion,  as  is  desired* 

But  in  central  galvanization  the  electrodes  are  so  placed  that  the 
whole  central  nervous  system  is  brought  under  the  influence  of  one  pole 
(usually  the  positive)  of  the  galvanic  current  at  one  sitting,  and  without 
any  important  change  of  position  of  the  negative  pole.  Besides  the  cen- 
tral nervous  system,  the  pneumogastric  and  the  stomach  itself  are  also 
aftected ;  in  a  word,  the  great  centres  of  life,  of  healthy  and  of  disease. 

Comparing  central  galvanisation  with  localized  galvanisation  of  the 
nerve  centres,  by  the  tfftcts^  we  find  differences  of  a  most  mttrked  aod 
interesting  character  exist.  The  ordinary  methods  of  galvanizing  the 
cervical  sympathetic,  the  brain,  or  the  spine,  do  not,  either  singly  or  in 
combination,  produce  the  powerful  tonic  results  that  are  frequently  ob- 
tained by  central  galvanisation.  Sedative  and  tonic  effects  are  unques- 
tionably produced  by  these  local  methods,  but  they  are  frequently  in- 
ferior in  quality  and  degree  to  those  derived  from  central  galvanization 
when  properly  administered.  This  conclusion  is  derived  from  actual  trial 
and  observation  of  cases.  Neither  the  temporary  nor  the  permanent : 
effects  of  localized  galvanization  of  the  brain,  of  the  cervical  sym- 
pathetic and  pneumogastric,  or  of  the  spine,  are  as  satisfactory  in  many 
cases,  even  when  they  are  successively  used  at  the  same  sitting  and 
with  the  same  time  and  strength  of  current,  as  central  galvanization. 

Still  further,  experience  teaches  that  the  method  of  central  galvanisa- 
tion, in  its  completeness,  is  more  serviceable  than  partial  or  incomplete 
applications  of  it.  Placing  the  negative  pole  on  the  epigastrium,  and 
the  other  on  the  spine,  will  not  accouiphsh  the  full  effects  of  central 
galvanization,  although  so  far  as  it  goes  it  is  a  good  method,  and  pro- 
duces sedative  and  tonic  effects.  To  confine  the  attention  to  the  head 
and  neck  alone,  also,  is  not  sufficient. 

Compared  with  General  Faradization, — Comparing  central  galvaniza- 
tion with  general  faradisation,  we  find  most  important  differences.  In 
the  one  only  the  galvanic,  in  the  other  onl)  the  faradic,  current  Is 
used. 

In  general  faradization  the  application  is  made  not  only  over  the 
central  nerv^ous  system,  but  over  the  entire  trunk,  andeipecial  attention 
is  given  to  the  muscles  of  the  abdomen  and  extremities.  In  centra] 
gal  van  i  '.ation  the  chief  aim  is  to  affect  the  central  nervous  system  ;  in 
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general  faradization  the  chief  aim  is  to  affect  the  muscular  system^ 
although  the  nervous  system^  central  and  peripheral^  is  affected  both 
directly  and  reflexly. 

Comparing  the  effects  of  central  galvanization  with  those  of  general 
faradization^  we  find  that  both  are  powerful  tonics,  and  are  adapted  for 
conditions  of  debiHty,  by  whatever  names  they  may  be  known.  Foi 
some  cases,  and  particularly  for  cases  associated  witJi  great  muscular 
debility,  general  faradization  is  more  effective  than  central  galvaniza- 
tion. On  the  other  hand,  in  cases  where  simply  exhuustion  of  the 
nerve-centres  is  the  leading  condition — as  hysteria,  chorea,  and  sc 
forth — central  galvanization  is  oftentimes  lar  superior  to  general  faradi- 
zation. 

Central  GalvahiteUian  alternated  with  Genercti  Faradization. — Some 
of  the  best  results  thai  we  have  yet  seen  have  been  secured  by  combin- 
ing or  by  alternating  the  two  methods. 

Sometimes,  after  general  faradization  has  done  all  that  it  is  capable  of; 
central  galvanization,  rightly  used,  helps  to  lift  the  padent  stil!  higher. 
In  cases  where  we  are  not  experimenting,  and  seek  only  the  best  good 
of  the  patient  in  the  shortest  time  possible,  we  use  in  succession,  or 
alternation,  and  with  changes  and  modifications,  all  the  principal 
methods — local  galvanization  of  the  brain,  of  the  cervical  sympathetic 
and  spine,  general  faradization  and  central  galvanization.  This  course 
is  found  to  be  oftentimes  justified  by  the  results.  The  improvement  is 
more  positive  and  more  permanent  than  when  a  single  method  is  used 
exclusively. 

Some  cases  we  treat  one  week  by  general  faradization,  the  next 
week  by  central  galvanization ;  sometimes  we  alternate  the  methods 
from  day  to  day. 

There  are,  however,  cases  not  a  few,  where  all  forms  of  faradization, 
and  w^here  local  galvanization  of  the  nerve-centres  irritates  rather  than 
benefits,  but  in  which,  under  the  method  of  central  galvanization,  there 
is  sure  and  constant  improvement 

Dr.  Althaus,  of  London,  in  the  third  edition  of  his  most  excellent 
work  on  Medical  Electricity,  after  describing  this  method  of  central 
galvanization  in  detail,  remarks  that  he  had  never  carried  out  the 
method  in  its  entirety,  but  that  he  had  used,  experimentally,  applica- 
tions to  the  head  and  neck  with  the  anode,  and  to  the  epigastrium  with 
the  cathode.  He  states  that  unpleasant  results  have  followed  these 
experiments,  that  disagreeable  cerebral  symptoms  were  produced  by  it 
during  the  application,  and  which  sometimes  continued  for  twenty-foui 
hours  or  more  afterwards. 
3S 
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**Tbe  patients  bad  a  general  sensation  of  malaise  and  ncrvoom^^ 
headache,  and  a  feeling  of  giddiness  and  confusion," 

Dr.  Althaus  further  states  that  he  has  used  the  *'  application  of  tf*^ 
anode  to  the  cervical  and  lumbar  spine,  and  of  the  cathode  to  the  f^ 
qf  the  stomach  with  advantage." 

Nothing  is  easier  than  to  produce  these  unpleasant  results  in  st^^' 
cepttble  patients  by  any  method  of  galvanizing  the  brain  and  oecJ^ 
provided  strong  currents  are  used,  or  interruptions  arc  allowed,  or  :t^^ 
applications  are  prolonged.  The  same  effects  may  follow  general  fs 
dization  and  localized  galvanization. 

Id  beginning  to  treat  a  patient  by  central  galvanization,  we 
use  very  mild,  scarcely  perceptible  currents,  particularly  around 
head  and  neck,  and  even  on  the  cervical  spine,  and  great  pains  shooL 
be  taken  to  avoid  breaking  the  current*  and  the  application  should 
of  only  a  few  moments'  duration.  Taking  these  precautions  has  do 
become  with  us  a  mere  matter  of  routine,  and  we  are  every  day  iCOi-^^" 
tomcd  to  treat  the  most  sensitive  and  delicate  patients — cases  ofhji  -S- 
teria^  nervous  exhaustion,  hypochondriasis,  and  allied  affections — ca$^^^ 
which  are  sufficiently  familiar  to  all  American  physicians,  and  wi  X^ 
sedative  and  tonic  effects  that  are  not  obtainable  by  other  methods. 

Whenever  any  of  the  disagreeable  effects  spoken  of  by  Dr.  Altb^m^^ 
occur,  we  always  give  the  patient  a  longer  interval,  and  moderate  Cto^ 
applications  until  only  good^  unmixed  with  evil,  effects  appear. 

The  American  constitution  is  more  susceptible  to  electricity  ih^tfi 
the  English  or  the  German,  and  if  our  nervously  exhausted,  hystcn^^^ 
women  can  bear  and  be  profited  by  central  galvanization,  surely  1 1^^ 
women  of  England  and  Germany  might  be  treated  by  the  same 
even  when  used  with  less  caution. 

We  have  frequently  treated  by  this  method  delicate  women  who 
too  feeble  to  walk  or  standi  or  even  to  sit  up,  and  who,  therefore,  mf*^ 
be  treated  in  bed,  and  even  in  such  cases,  the  disagreeable  effects  ckm^T 
occur  now  and  then,  and  no  oftencr  than  they  occur  when  olb^^ 
methods  of  electrization  are  employed  in  the  same  kind  of  cases;  V9'^ 
deed,  not  so  frequently  as  they  follow  general  faradisation  or  loo/ 
galvanization  of  the  brain. 

Reply  t0  Objections  against  GalvanisaitGn  of  the  Nerve-eeiilrei*^ 
It  is  proper  here  to  consider  briefly  some  of  the  objections  thai  ba^lf 
been  brought  against  galvanizing  the  nerve-centres  by  the  method  rf 
central  galvanization,  or  by  any  form  of  local  galvanization.  Thc« 
objections,  which  in  some  instances  have  come  from  persons  who  or 
>ther  subjects  are  well  informed,  are  of  a  threefold  character* 
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1.  That  rile  ciuretit  goes  around  the  nerve-centres,  and  not  through 
ihem.  This  objection  is  fully  met  by  the  experiments  recorded  in 
Electro  Physiology,  pp.   173-176. 

2.  That  we  do  not  completely  understand  what  the  current  does 
when  it  penetrates  the  nerve-centres— in  other  words,  the  rationale  of 
the  eflTect  of  electricity  on  nutrition  is  not  yet  an  exact  science.  This 
objection  is  just  enough,  considered  as  a  fact,  but  considered  as  an  ar- 
gument, it  attempts  to  prove  too  much»  By  referring  to  Electro- Physi- 
ology we  shall  see  that  there  are  few,  if  any  remedies,  the  action  of 
which  is  as  well  understood  as  electricity,  We  do  not  exactly  and  ex- 
haustively know  its  action  on  the  nerve-centres,  neither  do  we  exactly 
and  exhaustively  know  its  action  on  the  jjeripheral  muscles  and  nerves, 
and  if  this  objection  is  to  hold  good  against  galvanization  of  the  nerve- 
centres,  it  must  also  hold  good  against  all  peripheral  galvanization  and 
faradization. 

3.  That  it  is  dangerous  to  apply  the  galvanic  current  through  the 
head  and  neck. 

Dr.  Anstie,  who  is  a  very  strong  friend  of  electro- therapeutics  in 
general,  in  his  excellent  work  on  neuralgia,  speaks  of  galvanization  of 
the  cervical  sympathetic  as  a  method  to  be  either  avoided  or  used  with 
very  great  caution,  and,  in  support  of  this  view,  adduces  a  case  in  his 
own  practice.  In  a  review  of  Tibbetts's  little  "  Hand-book  of  Medical 
Electricity,'*  Dr.  Anstie  repeats  this  caution,  and  exfjresses  apprehen- 
sion lest  great  injury  may  follow  the  use  of  this  method  of  treatment. 
The  error  of  Dr,  Anstie  consists,  not  in  enjoining  caution,  since  this  is 
needed  in  all  electrical  applications,  but  in  suggesting  the  idea  that  gal- 
vanization of  the  cervical  sympathetic  is  a  dangerous  procedure,  likely 
to  produce  serious  results.  Quite  recently  Dr.  Brown-S<^tjuard,  in  a 
foot-note  to  one  of  his  series  of  very  able  papers,  speaks  as  follows ; 

**  Recently,  some  bold  physicians  have  tried  to  galvanize  the  cervical 
sympathetic  nerve.  This  I  did  once  in  1855  on  my  eminent  friend 
Prof.  Ch.  Rouget,  to  try  to  relieve  him  from  a  most  violent  headache. 

•*  The  effect  was  all  we  could  desire  against  the  headache ;  but  the 
galvanic  current,  acting  at  the  same  time  on  the  sympathetic  and  the 
vagus  (the  simultaneous  excitation  of  these  two  nerves  cannot  be 
avoided),  produced  such  a  dangerous  syncope,  that  I  promised  myself 
that  I  would  never  try  again  to  apply  galvanism  to  the  cervical  sympa- 
thetic of  man."* 

The  best  reply  to  objections  of  this  nature,  coming  from  men  who 

♦  Archiifes  0/  Sdtntifie  and  Practical  Medic int^  p.  92,  No.  i»  1873, 
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are  justly  distmguished  in  the  departmeTils  to  which  th«r  lives  are  dft 
voted,  is  found  m  the  argumentum  ad  fwminem. 

Dr.  Anstie  highly  recommends  hypodennic  injections  of  morphine  m  ' 
neuralgia. 

If,  now,  we  should  say  to  him  that  we  knew  of  a  case  where  an  injec* 
tion  of  morphine  had  almost  instantly  caused  most  alarming  symptoms, 
and  of  another  case  where  it  had  appaiently  caused  death,  consequently 
we  had  resolved  never  again  lo  use  that  method  of  treatment,  he  would 
reply  that  hypodennic  injections  had  been  tested  for  years  at  the  handi 
of  many  of  the  best  physicians  of  our  time ;  that  those  who  are  most 
familiar  with  them  are  usually  the  most  attached  to  them ;  and  that, 
when  properly  administered  with  the  caution  that  all  potent  remedial 
measures  demand,  and  the  skill  that  only  experience  can  give,  they 
need  seldom  or  never  do  serious  harm  ;  and  that  the  infinitely  small 
chance  of  their  doing  harm,  when  thus  properly  used,  is  so  far  over- 
shadowed, by  the  infinite  relief  which  they  unquestionably  do  afford,  as 
to  be  hardly  worthy  of  consideration  in  the  practice  of  those  who  have 
made  themselves  familiar  with  their  administration. 

Dr.  Brown-S^quard  has»  among  very  many  other  researches,  deserved 
well  of  the  profession  for  having  given  an  explanation  of  the  action  of 
ergot  on  unstriped  muscular  fibre,  and  for  having,  on  the  basis  of  this 
explanation,  suggested  the  value  of  that  remedy  in  congestion  of  the 
spinal  cord. 

If,  now,  we  should  say  to  him  that  there  are  cases  where,  with 
well-defined  symptoms  of  hypeneniia  of  the  cord,  ergot  at  once  aggrai- 
vates  the  symptom?,  we  should  but  state  the  truth  of  our  experience- 
He  could  reply,  however,  with  perfect  justice,  that  just  as  there  are  those 
in  whom  a  single  strawberry  will  cause  most  disagreeable  symptoms,  or 
those  to  whom  a  mouthful  of  mutton  is  a  mouthful  of  poison,  just  so 
there  are  those  who,  whatever  their  disease  may  be,  cannot  bear  ergot ; 
but  that,  when  wisely  used  by  those  who  know  what  they  are  about,  it 
is  a  remedy  of  vast  and  various  efficacy. 

For  hypodermic  injections  of  ergot,  substitute  gaU^nixation  of  the 
cervncal  sympathetic,  and  our  reply  is  complete.  There  are  those  to 
whom  electricity,  however  administered,  is  a  perfect  poison,  and  who 
were  not  bom  to  be  treated  by  this  most  potent  of  remedial  agents. 
There  are  those  who  can  bear  it  in  well-nigh  limitless  doses. 

There  are  those  who  can  bear  it  and  who  are  benefited  by  it,  but  only 
when  given  with  delicacy  and  great  caution.  Now,  it  is  possible  tc 
galvanize  the  cervical  sympathetic  in  all  three  classes,  except  the  first, 
without  doing  any  serious  injury,  permanent  or  temporary.    Even  (has^ 
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»M^  are  the  most  msciptible  to  eiectriciiy^  far  whom  this  force  can  nevef 
he  beneficial^  can  yet  be  treated  by  the  method  of  central  galvanization^ 
with  very  mild  currettts  and  short  sittings^  and  a  rheostat  of  some  kina 
to  avoid  interrupting  the  current^  without  any  permanent  or  temporary 
injury. 

All  our  most  potent  remedies  are  dangerous  when  used  dangerously 
4,  That  the  cases  which  have  been  treated  by  galvanization  of  the 
brain  have  been  so  carelessly  and  unscientifically  studied,  and  so  reck* 
lessly  reported,  that  they  have  no  scientific  value»  Dr,  Cyan,  in  par- 
ticular, declares  that  the  observations  that  are  given  as  proofs  of  the 
curative  effects  of  galvanizing  the  brain  are  valueless.  This  statement 
is  unfair.  What  is  true  of  certain  electro-therapeutists  is  not  true  of 
alL  The  therapeutics  of  galvanization  of  the  brain  have  been  studied 
by  men  who  have  been  tramed  to  the  habit  of  close  and  discriminating 
observation ;  who  recognize  and  bear  constantly  in  mind  the  enormous 
complications  that  beset  all  therapeutics ;  who  have  worked  under  the 
gaze  of  watchful  skeptics,  and  with  the  everlasting  motto,  post  hoc  ergo 
propter  hoc^  incessantly  ringing  in  their  ears ;  men,  too,  who  have  car- 
ried conscience  into  science,  and  have  reported  the  results  to  the  world 
just  as  they  were  revealed  to  them. 

It  is  of  very  little  practical  consequence  whether  these  effects  are  due 
to  the  direct  passage  of  the  current  through  the  brain  or  to  the  reflex 
action  of  the  current  on  the  brain  through  the  sensory  nerves.  Reflex 
action  comes  in  to  explain  the  therapeutic  effects  of  electricity,  however 
and  wherever  applied.  Granting  for  one  moment,  what  is  not  true, 
that  mild  currents  cannot  penetrate  the  brain,  this  would  be  no  reason 
whatever  for  abandoning  the  electrical  treatment  of  the  brain  so  long 
as  experience  shows  that  benefit  is  derived  thereby « 
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The  two  great  obstacles  to  the  use  and  popularisation  of  Franklins 
electricity  have  been  :  i,  That  the  necessary  apparatus  were  Wt 
and  expensive  ;  2,  That  they  were  more  or  less  dependent  iH'ijtj 
alniospherlc  conditions,  and  therefore  uncertain  in  their  action.  Ti^ 
first  of  these  objections  still  holds,  but  the  other  no  longer  exists. 

With  the  apparatus  to  be  described  we  are  able,  at  all  seasons  ar^ 
in  all  kinds  of  weather,  to  obtain  this  form  of  electricity  in  sufficient 
quantity  for  therapeutic   purposes.      Notwithstanding  this,  howevei. 
there  is  one  disadvantage  under  which  we  occasionally  labor  in  the 
use  of  Franklin ic  electricity,  and  this  is,   that  although  the  machine 
itself  works  well,  the  condition  of  the  external  atmosphere  is  such,  at  i 
certain  seasons,  that  the  stored   electricity  in  the  insulated  body  is 
abstracted  too  quickly.     It  is  mainly  in  the  months  of  July  and  August 
that  this  difficulty  occurs. 

Apparatus  for  Franklinization , — The  best  apparatus  for  the  gcs- 
eration  of  Franklinic  electricity  for  medical  purposes  is  the  Holti 
machine.  This  contrivance,  although  a  great  advance  over  the  old- 
fashioned  cylinder  machine,  still  proved  inoperative  during  most  of  the 
summer  months  at  least,  and  frequently  ceased  to  act  for  awhile,  even 
in  winter. 

Vigoroux  has  recently  been  experimenting  in  this  direction  in  \ 
Paris,  where  it  has  been  found  that  if  the  apparatus  is  covered  with  a] 
tightly  Hitting  glass  case,  in  whidi  is  placed  a  quantity  of  chloride  at] 
calcium,  which  absorbs  all  the  moisture  of  the  air,  electricity  caa be] 
generated  with  more  or  less  readiness  in  all  kinds  of  weather* 

The  attention  of  the  profession  in  this  country  was  first  called  10 1 
this  useful  contrivance  by  Dr,  W,  J.  Morton**     The  machine  consistt] 
of  two  stationary  and  two  revolving  glass  plates,  giving  a  Large  qu 
tity,  and  a  spark  of  eight  or  ten  inches. 

Formerly  but  a  single  revolving  plate  was  used,  w*hich  yielded 

•  New  York  Medical  Record,  vol.  xix..  No.  14, 
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lower  tension  and  less  quantity  ;  now,  however,  machines  of  three,  and 
even  four,  revolving  plates  are  constructed,  and  any  amount  of  force 
can  be  readily  obtained. 

For  almost  all  practical  purposes  the  four-plate  apparatus  with  its 
stationary  wheels  twenty-four,  and  its  revolving  wheels  twenty-two 
inches  in  diameter  is  sufiicienL     This  apparatus  is  represented  in  Fig. 
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Fjg.  100, 

loo.  The  machine  may  be  operated  by  steam  or  water  motor,  or  by 
hand 

Franklinization,  as  this  method  of  treatment  is  now  termed,  may  be 
given  in  several  ways,  each  differing  in  the  effect  produced. 

Insu/afwn. — In  the  administration  of  Franklinic  electricity,  insula- 
tion is  the  first  step  taken,  and  to  this  end  the  [latient  is  seated  upon 
a  platform  supported  by  glass  legs,  and  connected  by  a  brass  rod  with 
either  side  of  the  machine,  according  as  we  wish  to  give  a  positive  or 
a  negative  charge.     As  in  the  administration  of  dynamic  electricity,  so 
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in  the  treatment  by  Franklinic  electricity,  the  efi^t  produced  is  doe 
to  what  is  termed  a  difference  of  potentiaL  Xn  hydrostatics  the  standi 
ard  level  of  our  measurement  is  the  sea,  and  in  electro-statics  the 
earth,  and  in  the  same  way  that  we  have  levels  above  ^md  belcm  the 
sea,  and  temperatures  above  and  below  zero,  so  we  have  potentate 
above  and  below  the  earth's  potential,  termed  respectively  posidvc  ifid 
negative  potentials.  In  treating  a  patient,  then>  by  iosukiioot  »* 
simply  change  his  potential  to  a  higher  or  to  a  lower  one  than  that  of 
the  earth,  according  as  he  is  placed  in  communicadon  with  ibc  pofl- 
tive  or  negative  condenser.  To  use  a  homely  phrase,  the  electndtr 
is,  as  it  were,  pumped  into  the  body,  and  its  silent  reception,  aml^ 
silent  and  more  gradual  discharge  to  the  surrounding  atmosphefe. 
produces  in  most  persons  effects  that  are  very  agreeable.  The  hia 
of  the  head  stands  out  in  all  directions,  accompanied  also  by  a  pleas- 
ant vibratory  sensation,  if  at  the  same  time  the  discharging  koobsarc 
brought  in  sufficiently  close  communication. 

The  pulse  may  be  slightly  accelerated  and  the  face  Pushed,  while 
frequently  it  is  observed  that  a  slight  but  gentle  perspiration  appeals 

This  condition  may  be  kept  up  for  about  twenty  minutes,  or  tmti 
an  agreeable  feeling  of  drowsiness  is  exv>ericnced. 

If,  while  in  this  condition  of  insulation,  the  brass  rod  oonoecttng  the 
insulating  stool  with  the  machine,  be  held  lightly  in  either  hand  of  ii» 
patient*  and  the  discharging  rods  brought  near  together  so  that  a  coo» 
stant  discharge  takes  place  between  them,  the  sensation  experienced 
by  the  patient  is  similar  to  that  resulting  from  the  administration  of  i 
feeble  faradic  current. 

In  those  patients  who  are  especially  susceptible,  this  mild  lad 
simple  method  of  treatment  is  frequently  of  much  value.  It  is  sligbth 
tonic  and  refreshing  in  its  action,  and  may  be  used  as  a  tentati« 
method  before  proceeding  to  the  more  positive  and  effective  treatment 
of  the  spray,  sparks,  and  shocks,  or  the  general  surface  stimulation  liui 
is  so  admirably  obtained  by  the  use  of  the  roller.  Usually  the  efeis 
experienced  are  very  slight  indeed,  but  in  several  instances  I  have  oi^ 
served  some  curious  phenomena,  and  notably  in  one  of  my  cases 
where  the  patient  was  suffering  from  the  peculiar  sequehc  of  cerebro- 
spinal meningitis  described  elsewhere.  Treatment  by  insulatiao  wu 
invariably  followed  by  an  over|>owering  tendency  to  drowsiness,  which 
would  continue  for  half  an  hour  or  more. 

J^ranklimsaiion  by  sparks  ar  spray, — ^The  patient  being  in  the  coo* 
dition  of  insulation  just  described,  sparks  can  be  drawn  from  any  jXH* 
tion  of  the  body  by  the  near  approach  of  a  conducting  subsdoce. 
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Fig.  looa  rq>resents  the  operator  in  the  act  of  drawing  sparks  from  the 
paneot  seated  upon  the  insulating  stool. 

Brass  balls  of  various  sizes  (mounted  on  glass  handles,  held  by  the 
operator),  connected  by  a  brass  cliain  with  the  ground,  or,  better  still, 
with  the  nearest  gas  or  water-pipe,  are  usually  employed.  Fig*  loo^ 
jepcesents  the  ball  electrode  ordinarily  used^ 

The  size  of  the  sparks  drawn  from  the  body  may  be  gratkated  in  size 
and  length  ;  and  in  strength,  from  a  slight  tingle  to  the  sharp  impres* 
hion  that  accompanies  a  large  spark  passing  through  several  inches  of 
intervening  air.     The  body  varies  much  in  its  susceiJlibiUty  to  electrical 


ifiBtiences,  and  as  in  the  use  of  dynamic  electricity,  and  especially  the  in- 
duced fonn  of  it,  so  in  the  use  of  Franklinic  electricity  by  means  of  sparks, 
the  operator  should  subject  his  own  person  to  its  tnHuences  until  he  is 
thoroughly  aware  in  what  regions  these  strong  sparks  are  not  disagree- 
r^fale,  and  in  what  regions  they  are  painful     A  large  variety  of  electrodes 
I  tiesides  those  represented  in  the  accompanying  cuts  may  be  used ;  but 
\  aside  from  special  forms  for  the  car»  inooth,  nose,  etc.,  the  ball  electrodes 
^  of  metal  and  of  hard  wood,  and  the  pointed  rod  for  the  spray  or  electric 
windt  arCj  as  a  rule,  sufficient.    It  is  unnecessary  for  the  patient  to  remove 
jUiy  of  his  clothing,  as  the  sparks  pass  readily  through  the  thickest  fabrics. 
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At  the  point  where  the  sparks  spring  from  the  skin  to  the  electrode 
a  whitish  spot  will  be  at  first  noticed,  and  in  some  cases  they  very 
closely  resemble  the  ordinary  urticarial  wheals  followed  by  cr)lhcaiatotfS 
blushes  which  soon  disappear.  When  in  place  of  a  round  ball*  a  pointed 
rod  (Fig.  loor)  is  brought  within  a  few  inches  of  an  insulated  body 
already  charged,  we  obtain  the  effect  called  the  electric  winti  orsprir. 
This  is  due  to  the  silent  discharge  of  the  electricity  that  hasaccuuiii' 
lated  in  the  insulated  body. 

The  air  is  agitated  between  the  electrode  and  the  body  of  tlu 
and  the  sensation  is  not  only  very  pleasant,  but  the  result  - 
low  its  use  are  often  vcTy  efficacious. 

Genera/  FrankHnitaihn. — On  the  same  principle  that  we  ^i  [ 
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faradic  current  to  the  whole  surface  of  the  body,  calling  it  geo^*' 
faradization,  so  we  can  make  similar  use  of  the  frankiinic  electrics^* 
and  very  properly  apply  the  term  General  Franklinization. 

This  is  accomplished  by  means  of  the  metallic  roller  (Fig.  ioo<*f* 
although  u  is  by  no  means  so  generally  effective,  and  it  is  certainljf  f** 
less  agreeable.    It  directly  excites  the  cutaneous  nerves,  and  has  also* 
powerful  reflex  action.     When  the  roller  is  used  upon  the  bare  skin,t^ 
conduction  is  so  perfect  that  no  sensation  is  appreciated*     It  is  oniif 
when  the  clothing  intervenes,  acting  possibly  as  a  sort  of  Leyden  ju* 
that  the  peculiar  pricking  sensation  b  observed.     It  is  needless  to  all 
that  to  obtain  the  best  therapeutic  efiect  of  the  roller,  it  should  be 
applied  over  the  clothing. 
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Shocks  from  the  Ley  den  jar, — These  arc  produced  by  bringing  the 
body,  or  that  portion  of  it  upon  which  we  wish  to  operate,  in  the  cir- 
cuit between  the  outer  and  inner  coating.  A  shock  may  be  sent 
through  the  aims  and  chest  by  placing  one  hand  on  the  knob  connect- 
ing with  the  inner  coating  (containing  the  positive  electricity)  and  the 
other  hand  oa  the  outer  coating  of  the  jar  containing  the  negative  elec- 
tricity, A  shock  may  be  sent  through  the  pelvis  by  applying  one  end 
of  a  branched  conductor,  connected  with  the  inner  coating,  to  the  back, 
and  applying  the  outer  coating  of  the  jar  against  the  hypogastric  region. 
in  the  same  way  the  electricity  from  the  Leyden  jar  may  be  localized 
in  any  part  of  the  body.  The  shock  is  a  violent  method  of  treatment 
a,nd  is  not  usually  called  for. 

In  addition,  a  static  induction  current  (simultaneously  suggested  by 
X)rs.   Morton*  and  Bartholow f )  can   be  obtained  from  a  Holtz  aj)- 
\:)aratus,  and  this  has  been  suggested  as  a  substitute  for  faradic  elec- 
tricity.  It  is  claimed  for  this  current  that  it  jjroduces  maximum  muscular 
contractions  with  a  minimum  amount  of  pain,  and  that  the  response  is 
^quicker  than  that  from  the  faradic  current.     As  for  the  first  claim,  it  is 
difficult  to  see  how  it  can  be  determined,  since  the  ordinary  faradic  cur- 
:»ent,  from  the  single  coil  apparatus  especially,  need  seldom  call  forth 
^jain  in  the  production  of  muscular  contractions.     As  to  the  alleged 
greater  quickness  of  response,  I  have  not  as  yet  been  able  to  satis- 
factorily form  an  opinion.     The  change  in  the  apparatus  for  the  pro- 
duction of  this  current  is  quickly  and  easily  efifected,  and  for  the  pur- 
poses of  localized  electrization  it  is  useful.     For  general  faradization* 
however,  I  can  quite  confidently  assert  that  it  Is  far  inferior  to  the  cur- 
rent produced  by  the  best  faradic  apparatus. 

From  franklinic  electricity  tonic  and  sedative  effects  of  a  very  in- 
teresting and  positive  nature  can  be  obtained  either  by  insulation,  by 
sparks,  or  the  use  of  the  roller.  Speaking  from  a  considerable  experi- 
ence with  this  form  of  electricity,  I  should  say  that,  while  its  constitu- 
tional tonic  effects  are  unequal  to  those  that  follow  general  faradization, 
when  this  method  is  carried  out  properly,  with  due  attention  to  detail, 
yet,  as  an  adjunct  or  supplement,  it  is  invaluable.  It  is  one  of  the 
familiar  things  in  medicine  that  a  remedy  which  at  first  acts  well  may, 
after  a  time,  prove  inefficacious,  rendering  it  necessary  to  resort  to  sonie 
other  remedy  of  the  same  class.  This  is  true  in  regard  to  the  dynamic 
and  static  forms  of  electricity.  Occasionally  cases  of  nervous  exhaus. 
lion,  as  well  as  other  forms  of  disease,  after  improving  to  a  certain 

•  New  York  Medical  Record,  April  2,  iSSl. 
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point,  tinder  the  influence  of  galvanism  or  faradism,  hang  fire,  as  it  t 
but  by  submitting  the  patient  to  the  action  of  franklinization  a  new  im- 
pulse seems  to  be  given.  In  this  way,  one  treatment  supplementing 
and  re-enforcing  the  others,  results  are  obtained  far  more  satisfactory 
than  coyld  possibly  follow  the  exclusive  use  of  general  or  localised 
faradization,  central  galvanization,  or  franklinization.  Pain  is  sometimes 
relieved  by  franklinization  after  both  galvanism  and  faradism  have 
failed,  but  this  is  not  the  rule.  The  pain  of  muscular  rheumatism, 
however,  is  relieved  by  this  method  sooner  and  more  effectually  than 
by  the  others.  For  this  purpose,  the  treatment  by  the  roller,  which 
exercises  a  generally  stimulating  effect  over  a  broad  surface»  is  supe- 
rior to  ihe  treatment  by  sparks. 

In  the  various  forms  of  true  neuralgia,  franklinism  Is  not  comparable 
in  power  to  galvanism,  The  pain  that  the  fonner  is  frequently  so  suc- 
cessful in  subduing  is  generally  of  a  chronic  character,  confined  to  no 
special  nerve-trunks,  dull  and  aching  in  diaracter,  and  with  no  tender- 
ness on  pressure.  In  these  cases  I  have  long  known  that  faradism 
was  superior  to  galvanism,  but  more  recent  experience  has  convinced 
me  that  franklinization  is  more  efficacious  than  either.  In  the  enlarged 
joints  of  subacute  and  chronic  rheumatism,  and  to  excite  the  process 
of  absori>tion  in  chronic  synovitis,  the  treatment  by  sparks  is  frequently 
more  efficacious  than  either  faradization  or  galvanization.  In  old  con- 
tractions, and  in  cutaneous  auLesthesia,  franklinization  frequently  pos- 
sesses advantages  over  the  others. 

In  locomotor  ataxia,  and  in  systemic  diseases  of  the  spinal  cord  in 
general,  it  is  rendered  probable  by  a  number  of  suggestive  cases  that 
much  more  can  be  accomplished  by  the  use  of  frank linic  than  by  dy- 
namic electricity. 

In  electro-diagnosis  franklinic  electricity  is  of  but  limited  value, 
those  qualitative  and  quantitative  changes  which  are  so  important  as 
indicating  structural  degeneration,  being  satisfactorily  produced  only 
through  the  action  of  the  two  forms  of  dynamic  electricity. 

Valuable  as  is  franklinic  electricity,  it  has  a  more  limited  range  of 
usefulness  than  dynamic,  and  the  more  strongly  this  fact  is  imj^rcssed 
on  the  professional  mind  the  better.  He  who  begins  with  franklinism 
the  study  and  practice  of  medical  electricity,  begins  at  the  wrong  end. 
Let  him  first  master  dynamic  electricity^  and  then  supplement  his 
knowledge  and  experience  in  this  direction  by  frankhnism.  The  differen- 
tial indications  for  the  use  of  galvanistn,  faradism,  and  franklinism,  may 
well  demand  the  closest  scrutiny,  for  on  the  accuracy  with  which  we  esti- 
mate these  indications  will  largely  depend  the  success  of  our  efforts. 
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A  METHOD  of  employing  electricity  that  has  long  been  populai  iniong 
Ac  laity,  though  it  is  not  yet  fully  introduced  into  science,  is  the  eiectrk 
t^^*  The  methods  of  giving  electric  baths  are  varimis*  The  requisites 
y^  *  bathing  tub  of  some  form,  partly  filled  with  water,  contrivances 

scj^ding  the  current — ^either  faradic  or  galvanic — through  the  water  In 
the  patient  is  innmersed.  An  electric  bath  can  be  extemporized 
y  ordinary  bath-tub.  The  patient  may  rest  his  feet  on  one  pole  in 
*^tcf  and  hold  the  other  pole  in  his  hand*  In  that  position  the 
o^y  of  the  patient  becomes  part  of  one  or  the  other  pole,  and  the  cur- 
tent  flows  through  him  from  one  pole  to  the  other,  just  as  it  would  if 
there  were  no  water  in  the  bath  ;  or  at  most  the  only  effect  of  the  water 
IS  to  thoroughly  saturate  the  part  of  the  body  in  contact  with  the  pole 
in  the  bath.  This  method  is,  of  course,  exceedingly  crude,  and  can 
scarcely  have  any  conceivable  advantage  over  a  similar  position  of  the 
poles  outside  of  the  bath,  and  yet  it  has  been  not  a  little  used. 

^l^  Russell  uses  the  following  form  of  electric  bath.  The  tub  ia 
«  the  ordinary  shape,  but  the  metallic  connections  are  so  made  that 
*"*tiirTent  cannot  avoid  passing  through  the  body  of  the  patient.  One 
P^l*^-^  broad  copper  plate^ — is  at  one  end  of  the  tub,  constituting  a 
P*^  ^f  its  lining  surface,  and  the  other  pole — also  a  broad  metallic  plate 
~~^  placed  at  the  other  end.  Both  plates  are  under  the  water.  At 
"^"t*ad  of  the  tub  a  board  is  placed,  at  a  little  distance  from  the  pole. 
^  ri^s  board  has  in  it  a  slit  of  moderate  size.  Against  this  slit  rests  the 
"*^  of  the  patient,  while  his  feet  may  or  may  not  press  against  the 
^r«r  plate  at  the  other  end  of  the  tub.  By  this  arrangement  the  cur- 
^^^  can  be  directed  through  the  back  of  the  patient,  and  from  the  back 
"""^ugh  the  body  and  lower  limbs.  Indeed,  the  back  of  the  patient  fits 
«o  closely  and  snugly  into  the  slit  of  the  wooden  rest,  that  the  current, 
if  it  pass  at  all,  must  go  through  the  body. 

In  regard  to  the  electro- conductibility  of  the  body  as  compared  with 
iWter,  we  have  already  spoken.  The  human  body  is  composed  mostl} 
al  water^  holding  in  solurion  various  salts ;  it,  therefore,  conducts  bet 
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ter  than  water  of  the  same  temperature ;  and  on  accoimt  of  this  superioi 
conductivity  of  the  living  human  tissue  a  considerable  portion  of  c1ec» 
trtcity  must  go  through  the  body  whenever  it  lies  in  a  bath,  even  though 
it  does  not  touch  cither  pole.  That  the  body  conducts  better  than  the 
water  is  proved  by  this  ex]>enment  which  we  have  often  made.  Place 
both  hands,  at  some  distance  apart,  in  a  bath  through  which  a  current 
of  considerable  strength  is  running,  and  a  sensation  ivill  be  distinctly 
felt  in  them.  Bring  the  hands,  still  immersed,  very  close  to  each  other, 
and  the  sensation  will  be  much  diminished.  When  the  hands  are  far 
apart  a  considerable  portion  of  the  current  passes  through  the  body  from 
one  hand  to  the  other.  It  prefers  this  mvtch  longer  and  roundabout 
road  to  the  direct  path  through  the  water. 


Tig,  iot. 
Ekctuc  Bath» 
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In  the  arrangcmeat  that  Russell  uses  (Fig.  loi),  if  the  patient  presaet 
his  feet  against  the  copper  plate  at  the  lower  end  of  the  tub,  his  body 
becomes  a  part  of  the  pole  that  is  attached  to  that  plate,  be  it  positive 
or  negative. 

Dr.  Justin  Hayes,  of  Chicago,  has  a  somewhat  diflfercnt  form  of  elec- 
tric bath.  In  the  sides  of  the  tub  and  near  the  bottom  are  a  number  of 
electrodes  connected  with  the  battery.  These  electrodes  are  so  arranged 
that  the  current  can  be  sent  through  any  one  or  all  of  them,  and  thus  be 
localized  on  the  part  that  specially  needs  treatment* 

This  method  of  using  electricity,  which  is  called  the  electro- thermal 
treatment,  is  carried  out  by  Dr.  A.  P.  Peck,  of  Chicago,  who  has  ob- 
tained excellent  results  from  its  emplo>Tnent. 

The  study  of  the  comparative  practical  advantages  of  these  difiTereiK 
forms  of  baths  is  of  course  beset  by  many  complicadons. 


EFFECTS. 
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Effects  0f  thi  Eltdric  Batk.^ln  regard  to  the  therapeutic  effects 
of  the  electric  bath,  we  have  these  remarks  to  offer; 

I*  The  stimulating,  sedativci  and  tonic  effects  of  electricity  are  ob- 
tained more  or  less  by  all  forms  of  electric  baths ;  not  only  those 
where  the  current  is  localized  in  some  part  of  the  body,  but  those  where 
it  is  generally  diffused  without  regard  to  localisation  and  without  re- 
gard to  current  direction,  exert,  there  is  no  question,  more  or  less  the 
special  and  distinctive  physiological  and  therapeutical  effects  of  elec- 
tricity. Those  forms  of  baths  that  admit  of  locali2atiQn  of  the  current 
seeni  to  us  to  be  far  more  scientific  and  rational  than  those  that  do 
nkOt  admit  of  such  localization,  but  all  forms  are  capable  of  affecting  the 
system,  for  electricity  cannot  pass  through  the  body  without  doing 
more  or  less  good  or  evil. 

2,  The  question  whether  electricity,  administered  in  any  of  the  forms 
of  baths  yet  devised,  has  any  therapeutical  advantage  over  the  ordinary 
methods  of  using  electricity — as  localized  faradization  and  galvanization, 
general  faradization  and  central  galvanization— has  not  yet  been  estab- 
lished. Even  if  it  should  be  proved  that  in  certain  diseases  or  certain 
conditions  the  electric  baths  are  slightly  superior  to  ordinary  electriza- 
tion, the  further  question  would  still  arise  whether  this  advantage  is 
sufficient  to  compensate  for  the  longer  time  and  greater  labor  and  in- 
convenience of  the  baths.  The  c^uestion  is  one  of  exceeding  complexity 
— ^for  the  therapeutical  effect  of  the  water  is  combined  with  the  thera- 
peutic effect  of  the  electricity,  and  to  eUminate  the  one  or  the  other 
is  no  easy  task.  Enthusiastic  advocates  of  the  baths  sometimes  make 
the  same  mistakes  as  the  advocates  of  Franklinization,  or  the  use  of  stati- 
cal electricity,  of  assuming  that  the  results  which  they  undeniably  obtain, 
and  which  are  sometimes  most  saHsfactory,  could  not  just  as  well  have 
been  obtained  by  a  proper  use  of  electricity  in  some  of  the  ordinary 
methods. 

It  is  claimed  that  the  baths  will  be  borne  by  temperaments  that  will 
not  bear  ordinary  electricity.  This  claim  may  possibly  be  just,  and 
yet  the  difficulty  of  demonstrating  it  is  very  great ;  for  those  who  take 
the  baths  and  are  benefited  by  them  may  most  likely  have  been  im- 
properly treated  by  the  other  methods,  and  thus  fall  into  the  delusion  that 
the  baths  are/^r  se  more  bearable  than  ordinary  electrization. 

The  true  and  only  way  to  determine  this  question  is  for  those  who  are 
masters  in  electrology  to  try  the  baths,  side  by  side  with  their  othei 
methods  of  using  electricity  ;  just  as  they  try  the  two  currents  and  the 
different  methods  of  using  ihcm  on  the  same  ]jatients  and  on  different 
patients,  and  in  a  wide  variety  of  diseases.     Observations  of  this  kind, 
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to  be  of  real  value,  must  be  not  only  numerous,  but  extended  over  a  long 

period. 

The  question  whether  substances  can  be  introduced  into  the  body  of 
removed  from  it  by  electricity,  will  be  discussed  in  the  section  on 
dectro^urgery. 

General  Rules  for  giving  Electric  Balhs^^ln  the  nse  of  electric  baths 
we  should  be  guided  by  some  of  the  same  general  principles  that  guide 
us  in  the  use  of  electricity  by  other  methods.  The  temperament  of  the 
patient  should  be  studied,  and  in  the  length  and  strength  of  the  baths 
and  in  the  frequency  with  which  they  are  given  we  should  be  directed 
by  the  peculiarities  of  each  case. 

It  is  not  well  to  take  an  electric  bath  just  after  a  full  meal,  nor  is  it 
usually  well  to  take  exhausting  exercise  immediately  after  a  bath,  espe- 
cially for  the  delicate  and  ner\'ous.  The  temperature  of  the  water 
should  be  about  that  of  the  body,  and  may  range  between  95  and  105® 
Fahrenheit.  I'he  patient  may  remain  in  the  water  from  5  to  25  min- 
utes. There  appears  to  be  no  danger  of  catching  cold  after  taking  an 
electric  bath,  even  when  the  water  is  quite  warm.  One  effect  of  the 
electricity  would  appear  to  be  to  give  tone  to  tlie  cutaneous  vessels,  so 
that  there  is  less  liability  to  take  cold  than  after  a  simple  "tr^nw  tmtk 


CHAPTER  XV. 

HYSTERIA  AND   ALLIED  AfFECTIONS, 

Ukder  this  head  we  indtide  hysteria,  in  the  ordinary  sense  of  that 
lerm ;  neurasthenfa,  or  nervous  exhaustion ;  hypochondriasis  and  mel- 
ancholia ;  spinal  irriution^  with  the  manifold  symptoms  with  which  it 
b  associated  ;  insomnia  ;  and  astraphobia,  or  fear  of  lightning. 

We  give  hysteria  and  allied  affections  a  prominent  position  in  the 
clinical  portion  of  this  work,  because  it  is  a  class  of  diseases  for  which 
electrical  treatment  is  especially  adapted^  and  in  which  its  success  is 
most  remarkable.  This  fact  is  not  generally  appreciated,  for  the  reason 
that  the  profession  have  looked  upon  electricity  as  a  stimulant  merely, 
and  have  not  fully  recognized  its  sedative  and  tonic  properties,  and 
hence  have  confined  their  attention  largely  to  paralysis,  as  the  one  dis- 
ease above  all  others  to  be  treated  by  this  agent. 

Electro  diagnosu^ — Usually,  though  not  necessarily,  there  is  exces 
sive  sensitiveness  to  the  electric  current  in  all  parts  of  the  body.  Pa- 
tients sometimes  can  bear  only  the  mildest  currents.  In  some  cases 
even  a  mild  current  will  not  be  borne  on  the  middle  of  the  back,  which, 
in  health,  is  usually  so  little  sensitive-  Reflex  sensations  may  be  ol> 
served  during  electrization  of  hysterical  patients.  Irritation  of  the  dis- 
eased side  of  the  body  may  be  sensitively  felt  in  the  healthy  side. 
Sometimes  there  is  capacity  for  bearing  very  strong  currents  without 
injury^  even  when  there  is  great  hypermsthesia.  The  electrodiagnosis 
of  hysterica!  paralysis  will  be  presented  under  that  disease. 

Treatment, — Hysteria  is  a  constitutional  disease,  and  demands  con- 
stitutional treatment  To  attempt  to  chase  after  and  direct  the  appli- 
cation of  electricity  to  each  special  symptom  as  it  appears,  is  ynt>hilo* 
sophical  and  usually  unsuccessful.  General  faradization  and  central 
galvanization  are  methods  of  electrization  that  are  indicated  for  hysteria. 
Under  whatever  symptoms  it  may  be  developed,  our  chief  and  best 
results  have  been  obtained  by  these  methods*  This  general  treatment 
docs  not,  of  course,  dispense  with  localized  electrization  of  paralyzed 
muscles,  or  special  attention  to  any  localities  where  the  disease  ii 
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for  the  lime  directed  Diseases  of  the  sexual  organs,  hysterical  hi^ 
cough  or  cough,  aphonia,  or  incoiuicence  of  urine,  may  sometitnci 
need  localized  electrization  ;  but  these  symptoms  frequently  yield  undei 
general  faradization  or  central  galvanization,  even  when  no  special 
attention  is  given  to  the  diseased  parts.  In  nearly  all  cases,  except, 
perhaps,  longstanding  paralysis,  it  is  much  better  to  dispense  with  the 
local  than  the  general  treat:nenL  There  are  cases,  however,  in  which 
the  symptoms  of  rigid  contractions  of  certain  muscles  are  most  persistent 
and  painful  in  character.  In  such  conditions  of  the  afifected  niuscles 
galvanization  should  never  be  omitted*  In  cases  of  extreme  hyper- 
i&slhesia  it  may  be  necessary,  as  Benedikt  advises^  to  place  the  patient 
under  the  influence  of  an  anaesthetic  while  the  application  is  made* 
Strong  currents  do  not  appear  to  be  injurious  in  such  cases. 

Prognosis* — The  behavior  of  hysteria  under  electrization  is  as  capri- 
cious and  inconsistent  as  are  its  symptoms.  Some  cases  yield  to  gen- 
eral electrization  with  wonderful  rapidity ;  others,  apparently  no  worse, 
are  singularly  obstinate*  On  the  average,  the  prognosis  is  so  favorable 
that  no  case  should  be  abandoned  without  a  fair  trial  of  this  method  of 
treatment.  Under  peripheral  electrizarion  the  results  are  usually  un- 
satisfactory, since  the  relief  of  the  local  symptom  is  by  no  means  a  core 
of  the  morbid  constitutional  condition. 


^ioUnt  hysterieai  sym^oms  dependent  on  suppreised  menstruati&n  atleviated  hy  #w# 
tktncu  cf  general  far  aditati&H  and  i4>caliud  galvanimthn* 

Case  L —  A  most  violent  and  persistent  case  of  hysteria,  in  the  person  of  a  majrieil 
l«<ly,  aged  40,  came  unrfer  our  observation  through  the  kindness  of  Dr.  Oliver  WHItCw 
Til©  patient  was  in  bed,  suffering  from  violent  paroxysms  of  aUemate  weeping  uid 
icreuning.  The  hands  and  feet  were  cald,  the  pulse  feeble,  and  the  pain  in  the  hetd 
was  constant,  and  of  the  most  severe  character. 

lliese  syniptoms  had  continued  for  nearly  forty-eight  hours,  and  in  order  to  aveit 
iertous  consequences  it  seemed  as  if  in  some  way  relief  must  soon  be  alTorded.  The 
menstrual  period  was  delayed  nearly  two  weeks,  and  to  this  circumstance  It  was 
po^ible,  in  part^  to  attribute  the  attack.  The  patient  was  submitted  to  thorougl) 
gieneral  faradization,  and  immediately  after  a  galvanic  current  from  eight  cells  was 
as  nearly  as  po!«ib]e  localized  in  the  uterus.  These  efforts  were  followed  by  decided 
alleviation  of  the  symptoms,  and  a  tolerably  quiet  nighl  was  the  result.  The  meosci^ 
however,  did  not  appear^  and  on  the  following  night  we  gave  again  the  same  treat* 
ment,  slightly  increasing  the  tension  of  the  galvanic  current.  Before  morning  men* 
ttriiation  Ijccame  manifest,  and  there  was  no  further  evidence  of  nervous  disturb- 
ance. 

Nearly  a  year  subsequently  this  patient  experienced  another  attack  of  like  charac- 
ter, and  substantially  the  same  treatment  again  relieved  ber  compktely  within  forty 
tight  hotir% 
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Hysteria  9/  ont yeaw*  :  standing  in  a  married  lady,  fQllmving  parturition  ;  ttrangi 
and  indefimte  senstUioHs  i$t  the  legs ;  ttckUttg^  crawling ^  prieking^  watfing^  beat- 
$Hgf  poundings  heaving^  rolling  sensatianj  oz'er  head  and  body  ;  imaginary  swtH 
img  of  the  body ;  fits  0/  weeping  and  great  despondtney^^Rapid  and  decidiid 
impronfememt  under  central  gatvantaatian  Wiik  strong  eur rents,  after  failure  of 
general  faradi^athm^Cod-livtr-oil  emulsion  and  counter-irritation  used  at  tk* 
same  tim€» 

Cass  IL— Mrs.  B.,  a  married  ladj%  with  two  children,  was  referred  to  us  Novem- 
ber 5,  1872,  by  Dr.  Conklingf  of  Brooklyn. 

The  pAticnt,  though  a  lady  of  unusual  intelligence  and  great  strength  of  will,  liad 
for  nearly  a  year  been  a  victtm  to  many  of  the  worst  kyniptoms  of  byi»!eria.  The 
irfitiptomB  appeared  ten  days  after  the  birth  of  ber  second  child ;  up  to  that  lime  her 
beoiih  luid  been  almost  perfect*  She  came  from  a  family  in  whom  there  was  some 
tendency  to  consumptiont  and  she  had  lost  two  sisters  by  that  disease.  A  short  time 
before  the  birth  of  her  sccomi  child,  she  had  fallen  down  stairs  and  had  struck  on  the 
back  of  her  head.  The  query  arose  whether  that  roi^jht  not  have  had  something  to 
do  with  her  disease.  The  symptoms  came  on  in  the  niglit,  and  quite  suddenly*  She 
became  eaces^vely  nervoui,  almost  wild,  and  the  physician  was  sent  for  and  succeeded 
ID  calming  ber ;  then  followed  a  long  catalogue  of  woe&.  On  the  top  of  the  head 
wai  a  constant  sensation  of  shaking  or  agitation^  or  thrilling,  as  she  descrihetl  il»  and 
heaving,  rolling,  beating,  waving,  pounding  sensations  were  felt  in  the  head  and  over 
the  body.  There  had  been  many  attacks  of  weeping ;  at  all  times,  thouyh  naturally 
hopeful,  she  was  cast  down,  and  imagined  she  did  not  love  as  she  should  one  of  her 
children.     The  general  nutrition,  as  usual  in  such  cases,  was  well  maintnined. 

The  patient  had  tried,  with  great  thoroughness,  general  faradization  but  without 
stibftantial  service. 

We  used  on  her  mainly  central  galvanisation ,  combined  with  the  use  of  cod* liver- 
oil  emulsion,  and  mild  counter-irritation  over  the  tender  vertebrje. 

The  patient,  with  all  her  nervousness,  bore  the  galvanic  current  in  enormous 
doses :  it  seemed  to  be  impossible  to  injure  her  by  over -electrization.  We  soon  found 
that  the  stronger  tlie  currents,  and  the  longer  the  apj^licattons,  the  greater  the  benefit. 
Even  through  the  brain  strong  currents,  now  and  then  interrupted,  did  no  harm. 
She  soon  began  to  improve,  and  continued  to  improve  not  only  during  the  three 
moiDths  of  treatment.,  but  subsequently,  and  there  was  in  tliis  improvement  a  cotisid* 
erable  degree  of  permanency. 


lu  the  above  case  there  were  facts  of  great  interest  Firsts  the  ex- 
traordinary tolerance  in  a  highly  nervous  patient  of  the  galvanic  cur- 
rent ;  and  secondly^  the  supreme  advantage  of  central  galvanization 
aver  general  faradization  in  severe  functional  diseases  of  the  central 
nervous  systetn. 

Hysterical  and  analogous  sympton>s  are  both  associated  with  ant! 
dependent  upon  recognizabie  uterine  disorders,  but  in  many  cases,  while 
these  symptoms  may  be  associateti  with  and  aggravated  by  such  disor- 
ders^ they  are  not  by  any  means  always  dependent  upon  them* 
a6 
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During  bis  service  at  the  New  York  State  Woman's  Hospital  Dr.  Rock^ 
well  has  found  that  symptoms  of  excessive  nervousness,  etc,  which  were 
supposed  to  be  merely  a  retiex  of  local  derangenienti  have  frequently 
yielded  to  some  form  of  electrization,  before  any  manifest  change  bas 
been  observed  in  the  condition  of  the  sexual  apparatus^ 

Hypochondriasis  {Paihophobid)  and  MelanchoHa, — ^The  distinction 
between  hypochondriasis  and  melancholia  is  vital.  The  iiypochondrtac 
readily  appreciates  the  character  of  any  special  disease  from  which  he 
may  suffer,  but  he  has  a  most  exaggerated  conception  of  its  importajice 
and  of  its  probable  results.  He  talks  much  of  his  symptoms,  and  un* 
ccasingly  seeks  relief*  The  melancholic,  on  the  contrary,  possibly  suffers 
from  no  appreciable  disease ;  or  if  any  evident  structural  or  funcHonal 
trouble  exists  aside  from  the  recognized  mental  perversion,  it  is  un- 
heeded. As  Maudsley  expresses  it>  **the  former  committing  a  murder 
would  certainly  be  hanged,  the  latter  probably  not,*'  The  tendency 
of  the  melancholic  is  frequently  to  suicide — tlie  hypochondriac  clings  to 
life.  Intellectual  exertion  is  an  impossibiUty  for  the  melancholic ;  the 
hypochondriac,  on  the  contrary,  may  lead  the  highest  intellectual  life. 

The  one  suflers  from  such  perverted  habits  of  thought  and  feeling 
that  the  strongest  and  most  natural  affections  may  cease  to  exist ;  the 
other  retains  all  the  normal  warmth  of  feeling  towards  friends  and  reLa^ 
tives. 

Melancholia  is  a  more  advanced  phase  of  mental  perversion,  and  to 
this  advanced  and  more  serious  condition  hypochondriasis  not  unfre- 
quently  progresses. 

There  are  reasons  for  believing  that  the  sympathetic  nervous  system 
is  largely  at  fault  in  cases  of  hypochondriasis ;  and  that  if  not  demon* 
strably  diseased  it  is  yet  the  medium  through  which  disease  of  the  other 
parts  reacts  on  the  brain,  and  produces  molecular  or  other  disturbance. 

The  tw^o  leading  ideas  thai  we  here  desire  to  impress  are,  firsts  that 
hypochondriasis  is  just  as  truly  a  disease,  or,  more  strictly  si^eaking,  a 
symptom  of  disease,  as  dyspepsia,  insomnia,  chorea,  neuralgia,  paraly- 
sis, or  insanity,  and  should  be  treated  accordingly.  The  popular  method 
of  neglecting  hypochondriacs  altogether,  or  of  administering //or^^e^j',  is 
not  scientific,  and,  except  in  rare  cases,  is  not  successful,  S^cimdfy^ 
hypochondriasis,  when  not  dependent  on  serious  lesions  of  the  central 
nervous  system,  is  susceptible  of  relief  and  of  positive  cure  under  the 
skilful  and  faithful  use  of  electricity.  Still  further,  we  believe — and 
the  results  of  our  own  cases  justify  the  belief — that  cerebral  disease  of  a 
more  pronounced  character  itself  may  be  relieved  by  electricity  ;  and 
that  that  terrible  form  of  hypochondriasis  which  is  the  precursor  of 
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organic  cerebral  disease — the  vestibule  that  leads  to  the  dark  a.nd 
gloomy  caverns  of  insanity — may  be  controlled  or  kept  at  bay  by  a  per- 
severing electrical  treatment.     (See  chapter  on  Insanity.) 

TreaimenL—ln  hypochondriasis,  general  faradization,  cento^al  gal- 
vanization, and  galvranization  of  the  cervical  sympathetic,  are  indicated. 
We  have  obtained  good  results  from  all  methods,  though  most  of  our 
cases  were  treated  by  the  Brst  and  second. 


BypochondriojU-t  wiiA  impairment  of  tht  functi^m  of  sfuciat  stmt — Weakinea 
mtmQry — Sensory  symptoms  in  the  exfrefnities^  with  some  loss  of  motor  power ^  thi 
result  of  excessive  mental  activity ^  and  dependent  in  part  on  slight  ceretral  conges* 
ticn — Improvement  under  general  faraditntion  and  central  galvamtation^^Ke* 
lapse^ 

Case  III. — Mr  M«,  an  actor  of  twenty  years'  standing,  was  placed  under  our  cart 
by  Dr.  K.  L.  Harris,  The  patient  was  a  temperate  man,  and  50  far  as  his  profession 
permitted*  regular  in  all  his  habits ;  but  the  character  of  his  engagements  had  rendered 
it  necc&sory  for  him  to  exercise  his  memory  through  a  series  of  years  to  an  unusual, 
mid  AS  the  sequel  proved  to  a  most  injurious,  extent.  Two  months  prior  he  began  to 
observe  that  his  inlcileclual  powers  were  failing  him.  His  memory  became  so  im- 
paired and  his  thoughts  so  confused,  that  he  found  it  utterly  impossible  to  **  commit  " 
anything  new,  or  to  recall  readily  certain  "parts"  that  had  been  long  perfectly 
familiar*  He  was  hypochondriacal  to  the  last  degree,  and  at  the  same  time  his  limbs 
became  weak,  and  he  complained  of  sensory  symptoms  in  the  tips  of  the  fingers,  much 
the  same  as  those  present  after  frostbite.  The  integrity  of  most  of  the  senses  was 
markedly  impaired.  Under  seances  of  general  faradization  and  central  galvanisation 
the  annoying  sensory  symptoms  disappeared  \  he  gained  entire  mastery  over  his  limb?, 
and  was  more  hopeful  and  happy  ;  his  strength  of  vision  became  nearly  normal,  and 
when  we  last  saw  him  there  had  been  sufficient  improvement  in  his  intellectual  facul- 
ties to  enable  him  successfully  to  attempt  a  performance  on  the  stage.  We  learned 
that  during  an  attempt  to  perform  on  a  subsequent  occasion  he  became  quite  unable 
to  pursue  his  part,  and  was  led  off  the  stage.  This  was  sufficient  to  show  that  re- 
covery was  not  complete ;  as  to  his  condition  after  this  we  are  unin formed. 

Paihophobia — Improrvement  under  general  faradization  and  central  galvanixation* 
Case  IV. — ^A  very  favorable  result  was  obtained  in  the  person  of  a  young  man 
aged  25.  At  all  hours  of  the  day  he  was  annoyed  by  tinnitus  aurium,  and  what  to 
him  seemed  an  autlible  voice  telling  him  of  evil  to  come  We  submitted  him  to  gen- 
eral applications  of  a  powerful  farad  ic  cur  rent «  and  also  to  occasional  galvamjcation  of 
the  brain,  cord,  and  sympathetic.  Some  improvement  followed.  The  most  decidefl 
benefit  was,  however,  derived  from  the  method  of  gii t van o- faradization.  The  faradic 
carrent,  full  strength^  from  a  Kidder  apparatus,  and  at  the  same  time  the  galvanic 
current  from  fifteen  ceils  of  Bunsen's  battery  were  passed  through  and  around  the 
body  by  the  method  of  general  electrization.  Improvement  was  now  remarkably 
rapid.  In  the  course  of  half  a  doicn  applications  every  unpleasant  symptom  disap- 
peared^ and  the  patient  has  since  remamed  perfectly  free  from  any  evidence  of  theii 
return. 


404 


HYSTERIA  AND   ALLIED  AFFECTIONS. 


MtUmhoHa  of  two  yiar^  standing  in  a  ymmg  marrui  lady  ^Complete  rnmm^  - 
under  etntral  gahfanisaiicn  after  failure  of  penutent  internal  midkmtitmA 
and  general faradiKOtiom. 

Case  \, — Mrs.  Y.,  a  tHRrried  woman,  aged  twenty -five,  came  first  nfider  our  ob»^ 
•crvation  October  S,  1871,  in  the  seventK  month  of  her  pregnancy.     Her 
eondition  wa*  lamentable  in  the  extreme.     There  was  cliiefly  a  perversion  of  the  who 
habit  or  niAiiiier  of  feeling,  such  as  so  frequently  follows  actiml  intellectual  derange*  ] 
tnent.     She  confessed  and  bewailed  her  want  of  interest  in  or  love  for  those  whc 
were  nearest  to  her,  antl  evUlenily  sulTcred  most  intensely  fn^m  a  profound  feeling  of 
depre^ion  and  misery — a  vast   and  formless  idea  of  utter  desolation.     The  pfttit 
appreciated  her  condition,  would  reason  concerning  it,  and  acknowledge  that  th 
was  nothing  real  to  which  she  could  point  as  a  cause  of  her  misery. 

These  wretched  feelings  were  not  altogether  new,  but  for  over  two  years  bad  in  ft 
modifietl  form  annoyed  her  considerably »  Bitten  slightly  by  a  favorite  dog, 
merged  immediately  into  a  condition  that  may  be  called  hypochondriacal  mclancho«" 
lia,  with  an  exaggerated  notion  of  the  danger  she  had  incurred.  She  had  been  treated 
persistently  but  without  avail,  and  as  a  dernier  resiQrt  general  faradization  was  at* 
tempted.  It  utterly  failed  in  its  effects,  and  in  good  faith  the  patient  was  encouraged 
to  hope  that  with  her  delivery  her  mental  balance  would  return.  The  diiJd  wmi 
born,  and  three  months  subset|uently  I  %vas  again  called  to  sec  the  mother,  only  to 
itnd  her  condition  more  aggravated  than  at  any  previous  time*  We  now  resolved  to 
make  use  of  central  galvanization,  and  employeii  a  current  from  six  ordinary ^siicd 
sine  carbon*cells^  with  a  sitting  of  four  minutes.  The  patient  was  not  at  all  in 
proved  by  the  slanee^  but  seemed,  if  anything,  slightly  more  sensitive  to  exte 
impressions. 

In  a  cijujjc  of  days  the  same  application  was  again  tried,  with  the  evident  result  of 
decidedly  exciting  her  mind.  A  third  effort  was  made  with  but  three  cells,  from  which 
the  current  was  just  sufHcIeut  in  tension  to  call  into  action  the  sense  of  taste.  From 
this  trial  the  patient  expericncerj  undoubted  relief,  and  at  intervals  of  a  day  the  ap- 
plication, without  being  varied  excepting  in  the  length  of  the  stance^  was  repeated  fa 
some  two  months.  Although  during  the  treatment  I  wo  or  three  slight  relapses  < 
citrred,  yet  on  the  whole  the  improvement  was  steady  and  satisfactory,  and  at  the ' 
close  ol  the  **  central  "  treatment,  when  she  was  placed  entirety  in  the  care  of  Dr, 
WUliam  J.  Donor  for  uterine  dif!iculty,  her  recovery  was  complete. 

Nturasthenia^  *  or  AW70US  Exhaustion. — The  denvation  of  the  term 
nettrasihcnia  is  sufficiently  obvious.  It  coincs  from  the  Greek  word 
Ffvpov,  a  nerve ;  <i,  privative  ;  and  a^cvos,  strength ;  and  therefore,  being 
literally  interpreted,  signifies  want  of  strength  in  the  nerve.  Under  tlie 
name  of  general  debility,  it  is  a  condition  sufficiently  familiar  to  e%'eTy 
practising  physician,  and  too  frequently  resists  most  obstinately  all  forms 
of  internal  medication.  It  is  not  to  be  confounded  with  anii*mi^ 
though  it  may  be  associated  with  it. 

The  one  princijile  on  which  neurasthenia  is  to  be  treated  is  by  the 
concentration  of  all  possible  tonic  influence  on  the  nervous  system — 
air,  sunlight,  water^  food,  rest*  diversion,  muscular  exercise,  and  the  ia 
*  See  monograph  on  Lhiji  subject,  by  Dr.  Beard. 
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iYa\  administration  of  those  remedies,  such  as  strychnine,  phosphonis, 
[iTScmc,  etc,  which  directly  affect  the  central  nervous  system. 

£Uctricai  Treatmetit, — General  faradization  and  central  galvanization 
isat^  atijuvant  to  lelieve  more  directly  the  symptonis  of  insomnia,  head- 
ache, etc.,  which  are  so  frequently  associated  with  neurasthenia  or  after 
jgcncT^V  faradization  has  'ailed, 

I'he  provosts  is  usually  more  or  less  favorable.  In  nearly  all  cases 
of  uDCompUcated  neurasthenia  general  faradization  alone  proves  deci- 
dedly and  sometimes  rapidly  efhcacious.  Beneficial  results  from  eithei 
this  method  or  central  galvanization  are  so  uniform  in  this  condition 
that  we  have  reason  to  suspect  some  unrecognizable  organic  disease 
in  those  cases  that  give  no  evidence  of  improvement  after  protracted  treat- 
mcni.  Even  the  complicated  fonns,  that  are  the  result  of  incurable  dis- 
C35e,  may  be  nuich  relieved.  The  cases  that  fail  to  be  benefited  by 
ciectncal  treatment  are  those  of  lifelong  standing,  or  in  which  the  tern* 
pciamcnt  contraindicates  electrical  treatment 


^t^^kenk'-D^iiUy  and  tUia^Jh  a/  sick  ktadacht—Immtdiati  and  rapid  im- 
pr^vtment  under  general  Jaradi%aihn — Rapid  increase  in  weight, 

Casi  V*[ — The  power  of  general  faradixation  to  relieve  neurasthenia  and  to  cause 

'^'^^  of  weight,  was  illustrated  in  a  very  pleasing  and  salisfaetory  manner  ia  the 

*"  *  joong  physician  whom  we  have  treate<1  during  the  autumn  of  1869*      He 

*^>'«ar*  of  *gc,  and  for  a  long  time  he  had  Iweii  subject  to  severe  and  repeated 

liir*  ^  nervoQS  and  sick  headache.     To  use  hta  own  expression,  he  had  been 

.  ^/^  *^  *  lower  plane  than  was  normaL**      Over-work  and  long  confinement   had 

Jv™^   Jwm  to  a  condition  of  serious  exhanstion,  and  when  he  called  lapon  us  in 

J//j7''"tr  he  could  not  walk  two  mites  without  fatigue*     Although  5  feet  gi  inchci 

Ifll       ■  *•  he  weighed  but  ttl  pounds,  and  for  many  months  there  had  been  no  sign 

J       ^  •^^^Tcase.    We  had  clo^ly  studied  his  own  case,  had  been  thoroughly  ezamined, 

I        *^   '  tied  nearly  every  form  of  internal  medication, 

'  "^^pin  treatment  by  a  mild  and  general  application  with  the  faradic  current, 

'^^   *^<?mporarily  enlivened  and  exhilarated,  but  when  he  rctumcdi  two  days  swb- 

^      *y »  he  stated  that  he  felt  no  special  benefit,  although  he  had  gained  one-half 

J/«'M^  ««  weight.     This  change,  slight  as  it  was,  encouraged  him,  for  it  had  been 

*"'»  mnd  years  even,  since  he  had  been  abtc  to  detect  any  increase  in  weight.   We 

'  ^y  licfc  that  he  vratched  and  studied  his  symptoms,  and  carefuitly  ascertained 

^^c^Shi,  from  day  to  day,  not  as  a  hypochondriac  at  all,  but  as  a  scientific  man, 

liot  by  any  spedal  faith  in  the  remedy,  but  by  an  earnest  desire  to  test  for 

^  the  tonic  efleds  of  general  farad tiation»     He  continued  to  increase  in  weigh! 

I  ^iVb  lertiarkaHe  regularity  and  unirormity,  and  at  the  end  of  three  weeks  he  ;ound 

ltli0H«  lyid  jicreased  nine  pounds.     When  we  last   saw  him  his  weight  was   124 

1  pW"^.    The  improvement  in  his  general  condition  had  gone  on  hand  in  hand  with 

IJH  increase  in  weight.     His  appetite  was  keener  and  his  digest  ion  much  ea-sier.    Hii 

pfticlf*  of  licadaclte  still  annoyed  him,  but  his  capacity  for  endurance  had  been  greatl) 
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enlarged.     Within  the  last  tvro  yevn  we  learned  from  the  patient  himself  ihtt  beU 
'uffercd  na  relapse, 

Iq  this  case  the  applications  were  made  very  thoroughly  all  over  the  persoti^  froa 
the  top  of  the  head  to  the  fcctt  and  with  a  powerful  ctirrenC.  Bath  Che  faratlic  $Jii 
galvanrc  currents  were  used,  chiefly  the  faradic  It  is  worthy  of  remark,  tbu,  tk 
this  patient  always  experienced  a  feeling  of  temporary  enlivenmcnt  and  exhtUndi 
after  each  application,  and  sometimes  the  headache  from  which  he  suffered  was  drna 
away  in  the  midst  of  the  treat menL 

We  may  say,  also,  that  when  he  first  came  we  prescribed  oxide  of  woe,  by  ofib 
tiottt  because  he  had  used  nearly  every  other  internal  tonic  He  took«  howew,  M 
two  or  three  doses  of  one  grain  each  for  the  fint  day,  dropping  it  eatirdy  »««« 
3e  found  that  be  had  increased  half  a  pound  in  weight. 

The  above  case  we  regarded  as  pre-eminently  a  typical  one — a  t 
iOiistration  of  neurasthenia,  and  of  the  benefit  that  may  be  received  i 
general  faradi;tation. 

Jlfntrasikfttia  in  a  ^etlwrU  patient^  enused  by  excanve  apptuaHon  it 

Sl&w  improvement  under  gaivcni*aiion  of  the  eervicai  jympaikeik  4ttd  ^liiif* 

faraditaiion^ 

C>isE  VI L — Mr.  A.  was  a  short,  stout,  and  remarkably  plethoric  man»  agtd  Si^-- 
Through  his  active  business  life  he  had  confined  himself  most   closely  to  hi>  li^tties-*- 
seldom   taking  a  day  for  recreation,  even   during  the  heat  of  summer,    Xiw^e^* 
years  since  he  retired  from  business  with  greatly  impaired  health  and  strength*  I  ^ 
was  thought  that  perfect  freedom  from  all  care  would  be  sufficient  to  retcife  hu  "i*^ 
live  vigor  of  constitution.    On  the  contrary,  he  gained  but  little,  if  any,   Hisgoitf** 
appearance  was  typical  of  perfect  health,  but  ordinary  exertion,  either  mentil  of  p^fT* 
sacal|  was  sure  to  produce  exhaustion,     ffts  pulse  was  normal^  and  iktp^ient^*^ 
piethoric  rather  than  amtmic.     It  was  impossible  for  him  to  read  more  ihanta  «^ 
fifteen  minutes  without  becoming  restless  and  excessively  nervous,  and 
walking,  to  the  extent  of  a  do^en  blocks  or  so,  would  frequently  fA-oduce 
prostration.     His   sleep   at  night  was  broken,  and  sometimes   entirety  dertrpf<^ 
There  was  not  the  slightest  evidence  of  organic  disease,  but  the  whole  neri-flni?^ 
tern  seemed  to  be  unstrung.     He  had  submitted  to  almost  every  method  of  te» 
treatment,  both  medicinal  and  hygienic,  but  had  seldom  experienced  even  tcinp**^ 
relief.     We  felt  justified  in  encournging  him  to  hope  for  favorable  results  from  W*^* 
ment  by  electrization.     With  admirable  perseverance  and  promptness  he  conliwi*^** 
visit  us  for  two  months,  never,  in  a  single  in>^tance,  failing  to  keep  an  appoiatsicali 

At  first,  general  applications  with  the  faradic  current  were  given  every  other ^' 
At  each  sitting  he  seemed  much  invigorateti,  and  for  several  ho>irs  be  cxpcfieocDA * 
degree  of  strength  and  lightness  of  spkit  such  as  he  had  been  a  stranger  to  for  jts*^ 

These  effects,  however,  seemed  but  temporary,  tor  the  old  lassitude  inratiatJyTfr 
turned  ;  consequently,  after  three  weeks  of  treatment  with  the  fiuadic,  we  raomfc 
to  a  weak  galvanic  ctirrent. 

The  negative  pole  was  applied  to  the  epigastric  region,  and  the  positivt  IQ  tbi 
back  of  the  neck,  near  the  seventh  cervical  vertebra  and  also  along  the  anterior  bofto 
of  the  scalenus  anticus  muscle,  in  order  to  affect  more  thoroughly  the  grcjl  ff» 
pathetic  aji<l  pneumocasiric 
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%>c>iigc  dectrodet  were  used,  and  tht  applications  were  prolonged  sufBclcnlly  te 
^^^fx  an  intense  redness  and  an  acute  burning  sensation  under  them.     By  thii 
l^^^liod  the  immediate  effects  were  not  so  marked  as  when  the  raradic  current  wai 
^^\  bwt  the  relief  aflforded  was  more  permanent. 

'w  the  fir>t  time,  his  sleep  became  more  quiet  and  sound,  and  during  the  day  fol- 

"'^'Viig  an  application  he  wsi3  able  to  exercise  both  mind  and  body  harder  and  longer 

****  USQftl.     He  now  submitted  to  treatment  by  galvanization  every  day.      Week 

^  *ttk  he  gained  very  perceptibly  in  vigor,  until,  after  having  received  the  galvanic 

**neni  some  twenty-five  times,  he  left  us  to  spend  the  summer  months  among  tht 

**o«iiuiu^     He  did   not   discontinue   treatment  with   a  nervous  system  perfectly 

Kteogthencd,  but  he  had  regained  mpproximateiy  the  usual  portion  of  mental  and 

j^  l^lNcal  endurance  enjoyed  by  persons  of  his  years.     Wliereas,  before  treatment  by 

•••f^riMHon,  he  was  not  able  to  walk  half  a  mile  without  fatigue,  nor  read  more  than 

'*^  or  fifteen  minutes  without  suffering  from  nervous  irritability,  after  treatment  he 

[  •^jojfed  mud  derived  benefit  from  walking  several  miles  in  the  day,  and  could  confine 

^^*f  to  a  book  for  an  hour  or  two  without  experiencing  any  symptoms  of  mental 

Al  IH^  date  of  writing,  1S74,  the  patient  enjoys  a  fair  degree  of  health,  and  claim! 
>  «ite  x^etained  alj  the  benefit  he  derived  from  treatment. 


i''*^'^*«tff,  complicated  wiikatupmia^  dyipepda^  spinal  irriiatign^  and  hypochon* 
I  dftiixm^^  treated  by  general /aradhati&n  and  central  gaivaniiatwn — Impr<nfemeni 
*^  -^m^ttquent  relapse, 

^Cas%  Arm. — Mr.  E,,  ft  tall,  §pare  man,  aged  about  50,  was  sent  to  us  by  Dr.  Gurdon 

•        ^e  was  a  gentleman  of  wealth  and  leisure,  and  for  several  years  had  been 

ptireljr  f-yp^  ^^^^  ^^y  of  the  cares  of  active  business  life.     He  was  frequently  troubled 

Btft  i^^^lig^ion-      At  limes  he  would  seem  to  regain  some  vigor,  and  would  exer* 

^**     «.  considerable  extent  without  experiencing  inconvenience,  but  as  a  rule  the 

^''^inATy  mental   or  physical   exertion  was   followed   by  extreme  exhaustion. 

"*  *Ja    the  lumbar  region  of  the  back  were  of  frctjucnt  occurrence,  especially  after 

^^  ^  sleepless  night.    There  wa5,  however,  no  spinal  tendcmesa.    He  was  a  good 

^*«r— an  east  wind  would  almost  drive  him  to  despair,  and  so  long  as  it  lasted 

tcotild     hardly  muster  strength  or  inclination  to  leave  his  couch.      As  soon  as  th« 

1  cH^ngcd  and  the  sun  appeared,  he  observed  an  immediate  amelioraiion  of  hti 

uliallv  depressed  condition. 

vttt    ji^ient  experienced  the  exhilaralioD  thai  so  frequently  follows  a  general  ap- 

llkiliou  ^f  ^^^  (aradic  current. 

AillK>i^gh  at  fir^t  this  invigoration  was  of  but  temporary  duration,  the  effects  of  th« 

ttw^ni  i^rere  gradually  prolonged  after  each  sitting,  until,  in  a  much  shorter  time 

M&  U^ally  the  case  in  conditions  such  as  the  one  under  consideration,  the  patient 

ft  good  degree  of  health. 
Wfilg  damp,  enervating  days  especially,  central  galvanization  prevented  exbaun* 
I  w  more  Hjcccs^fully  than  faradization.     The  patient  retained  the  nervous  vigor 

•  "*  lad  gained  for  many  months  j  subsequent ly^  however,  he  relapsed,  and  again 

'  ijto"*  hiouelf  under  our  care.  He  was  decidedly  benefited  by  this  second  course  of 
fftalflieiit,  hut  not  to  the  same  extent  as  at  first.  When  last  seen  he  had  retained  • 
0B0^  of  ifflpTQvementi  but  wa&  extraordinarily  susceptible  to  atmospheric  changca 
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lief  dufing  two  months  gf  gintral  faradiiotiaH — After-tfftits  of  ike  trtuimmmi^ 
mamftsUd  fy  rapid  imprauenuni  in  tUt  her  sympiomx,     (See  p,  294.) 

Case  IX. — Mrs.  B,,  a  young  married  Udy,  haJ  for  ft  long  time  suffered  mo«t  vn> 
tensely  from  pains  of  a  ucuralj^tc  character.  The  head  wits  the  seat  uf  greatest  siiif«r* 
ing,  although  the  distress  extended  with  more  or  less  severity  to  every  part  of  the  body. 

Her  strength  was  much  reduced,  so  that  she  was  unequal  to  the  dightesl  exertinc 
beyond  a  few  ordinary  houhehold  duties  aiid  an  occasional  walk  m  the  street  of  one  oc 
two  blocks.  Not  the  slightest  evidence  of  organic  disease  could  be  discovered  by  hex 
physician.  Dr.  George  A,  Peters,  who,  having  seemingly  ejihausted  the  resources  of 
medicine,  requc?ted  us  to  try  the  efficacy  of  some  method  of  electrization. 

As  the  extreme  debility  was  evidently  the  proximate  cau»  of  the  neural^a,  we 
lecided  upon  general  fiiradiiation  as  the  proper  method  of  treatment,  and  accordingly 
suUmitted  her  to  a  very  gentle  application.  She  was  one  of  those  patients  froqacntly 
encountered,  who  are  so  susceptible  to  the  current  that  it  was  our  aim  to  give  of  the 
electrical  inliucnce  the  minimum  that  could  be  actually  felt  by  the  patient,  rath 
than  the  maximum  that  it  was  possible  for  her  to  bear  without  decided  discomfort* 

During  the  months  of  October  and  November^  1870,  we  gave  thirty-six  applicatio 
which  somewhat  lessened  the  severity  and  freq'jency  of  the  pain,  without  appredabl] 
improving  her  strength.  We  proposed  to  her  physician,  therefore,  to  discontinue  oil 
efforts  for  a  while,  hoping  that  the  favorable  afier-ctrects  of  electrization,  that 
so  often  seen,  would  show  themselves  in  this  case.  We  were  not  disappointed^ 
The  patient  soon  began  to  amend,  until  the  improvement  was  most  marked,  both 
in  the  almost  complete  cessation  of  the  neuralgia  and  in  an  approximate  retttm  oC 
normal  strength. 


Sfinai  Irritation. — Spinal  irritation  is  one  of  those  names  which,  like 
hysteria^  have  become  the  recognized  property  of  the  profession,  against 
the  actual  or  implied  protest  of  nearly  all  who  employ  it.  It  is  a  part 
of  the  hysterical  constitution. 

The  teni)  spinal  irritation,  originally  proposed  by  Dr.  Brown,  of  Glas- 
gow, and  described  and  illustrated  in  detail  by  G.  T.  P,  TeaJe^  in  1829, 
and  the  Griffin  Brothers  in  1844,  is  now  pretty  generally  understood^  in 
England  and  America  at  least,  to  express  a  tolerably  well-defined 
morbid  condition,  of  which  one  of  the  principal  sj^nptoms  is  spinal 
tenderness. 

Differential  Diagnosis, — ^^Spinal  irritation  almost  always  forms  a  pari 
c^  hysteria  and  neurasthenia,  constituting,  as  it  were,  a  subdivision  or 
accompaniment  of  them,  and  is  only  entitled  to  the  honor  of  distinct 
nomenclature  by  itself  when  the  spinal  tenderness  and  the  symptoms  thai 
directly  flow  from  it  overshadow  other  accompanying  conditions,  Clos 
examination  would  reveal  that  very  many  of  the  cases  in  practice  that ' 
are  variously  classified  under  hysteria,  ansemia,  etc.,  have  a  sufficiently 
marked  tenderness  of  the  vertebrae  to  be  regarded  as  examples  of  spinal 
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Mttlion;  and  if  treats  accordingly,  would  recover  more  ra[>idly  than 
nder  the  methods  usually  employed.  The  best  confirmation  of  the 
dfalgtiosis  is  the  very  favorable  result  of  judicious  and  varied  treatment 
devoted  sfHjcially  to  the  tender  spots  on  the  spine. 

Between  spinal  irritation  and  spinal  meningitis  or  congestion  the  dis- 
tijiaion  is  oftentimes  purely  one  oi  pcrmantna  and  dtgra.  In  both 
coutimons  tliere  may  be  pain  and   heat  in   the  spine,   neuralgia  or 

Kysisofthe  limbs^  plantar  heat  and  anaesthesia,  constipation,  feeling 
Msurc  or  constriction  in  the  chest,  and  stiffness  of  the  neck,  etc. 
it  is  distinguished  from  myelitis  by  the  absence  of  other  necessary 
tymp loins.  The  contractions  of  muscles  in  spinal  irritation  are  lest 
painful  rhan  those  of  myelitis. 

^^i$gy, — In  spinal  irritation,  as  in  cerebral  irritation,  it  is 
probable  tliat  there  may  be  either  anaemia  or  hyperfemia.  That  many 
tfcc  cjwes  of  spinal  irritation  depend  on  passive  hyperaemia  of  the 
tori  is  rendered  probable. 

L  By  tile  feeling  of  heat  and  burning  at  the  seat  of  the  irritation. 
^*  By  the  fict  that  this  pain  is  increased  at  nighty  when  the  patient 
«*  to  a  recumbent  position. 

3*  By  the  fact  that  it  is  relieved  by  measures  that  relieve  congestion, 
^^  and  wet  cupping,  and  by  blisters  over  the  tender  vertebrae* 

vn  the  other  hand,  reasoning  from  analogy  and  from  what  we  know 
Of  me  relation  of  the  sympathetic,  it  is  proper  to  assume  that  anremiamay 
*^*°*^t  for  many  of  the  phenomena  of  spinal  as  of  cerebral  irritation. 
*"**  *5sumption  is  strengthened  by  the  fact  that  very  many  of  the  pa- 
*^cnt5  who  have  spinal  irritation  are  more  or  less  ansemic.  And  yet, 
'casonuig  jjom  the  history  of  the  cases,  and  from  the  results  of  treat- 
ffl^t't^  wc  are  inclined  to  the  opinion  that  annemia  exists  only  in  a 
minority  of  the  cases  of  spinal  irritation;  that  in  the  majority  of  instan- 
ces there  is  more  or  less  at  least  temporary  passive  congestion  of  the 
W<i  and  of  its  membrane  ;  and  that  in  all  cases  of  doubt  it  is  safe  to 
tiSUiDe  the  existence  of  hyperiemia,  and  to  guide  the  treatment  accord- 
ingly. 

It  is  not  necessary  to  assume  that  this  hyperaemia  of  the  cord  is  a 
constant  condition.  Except  in  the  severe  and  long-standing  cases,  it 
i*  probably  not  so,  but  is  more  or  less  evanescent,  temporary  and  me- 
astatic*  This  may  distinguish  it  from  spinal  congestion,  which  is  a  fixed 
oodition.  Temporary  congestion  of  the  cord,  as  of  the  brain,  the  geni- 
il%  tlie  e)*c  and  the  ear,  may  perhaps  be  easily  excited  by  irritating 
luses.  It  is  not  unreasonable  to  sup[>ose  that  anaemia  and  hyper«emia 
%j  alternate  m  the  patient,  and  in  the  same  day  or  hour. 


410 


CASES  OF  SPINAL  IRRITAIION* 


Ehcifu  examination  in  spinal  irritation  may  sometimes  reveal  tc 
der  spots  on  the  spine  that  are  not  indicated  by  pressure. 

Treatment,— ^XiLQlxMi  treatment  consists  in  general  faracli/ationi  gal' 
vanization  of  tlie  spine  and  sympathetic  and  central  galvanization. 

Our  experience  in  a  great  number  of  cases,  since  the  first  edition  of 
this  work,  convinces  us  that  in  galvanization  of  the  spine  Uie  positive 
pole  acts  better  than  the  negative  in  the  treatment  of  this  affection*  To 
depend,  however^  on  localized  galvaniz^alion  alone  is  illogical,  since  the 
disease,  though  for  the  time  specially  localized  in  the  spinal  cord,  vs 
usually  simply  but  a  development  or  manifestation  of  the  nervous 
diathesis,  in  which  the  whole  system  shares. 

Prognosis, — Under  electric  treatment  alone,  the  prognosis  of  spinal 
irritation  is  usually  favorable  for  a  relief,  and  sometimes  for  permanent 
cure. 

It  is,  however,  of  great  advantage  in  all  severe  or  long-standing 
cases,  to  combine  with  electrization,  counter-irritation  (very  small  blis* 
ters,  or  tartar-emetic  ointment)  over  the  sensitive  vertebras,  and  the  in- 
ternal  administration  of  phosphorus  or  other  stimulants. 

Comparative  rest  of  brain  and  nniscles  is  an  important,  though  not 
indispensable,  aid  to  treatment.  The  disease  is  quite  prone  to  relapse, 
especially  under  bad  hygienic  syrroundings.  Under  combined  treat- 
ment, consisting  of  blisters  to  the  spine,  phosphorus,  strychnia,  and 
electrization,  the  majority  of  cases  will  rapidly  improve* 

S/inat  irriiaiion  of  four  years'^  standings  with  excessive  tenderness  in  tAe  lumhmr 
region — Decided  relief  from  general faraditation. 

Case  X. — Mrs.  ^ — ,  aged  24,  was  sent  to  us  January  4,  1S6S,  1)y  Dr.  SewaU  to 
be  treated  for  pain,  witU  most  excessive  tciidenic^^,  over  the  lumbar  vcricbras.  The 
fymptorm  had  been  particularly  dbtresi^ing  since  *beT  confinement,  two  months  pre* 
vious,  but  hod  annoyed  her  more  or  less  for  four  years.  tJniied  with  thb  spituil  ten- 
derness there  was  considerable  debility,  that  made  a  walk  of  haU  a  mile  1  burdens 
gastric  uneasiness,  fecbte  appetite,  insomniii,  and,  m  general,  the  ckaract eristic  ftA* 
tures  of  the  nervous  constitution. 

Electric  examination  revealed  a  very  great  tenderness  over  several  of  the  lumtMr 
vertcbrie  ;  only  a  feeble  current  could  be  borne  at  all,  even  with  large,  soft  sponger 
No  other  abnormal  condition  was  found  beyond  a  general  hypersesthcsta,  which  is 
usual  in  such  cases.  The  tenderness  was  so  great  that  even  the  weight  of  the  hand 
WSJ  distressingly  painful 

We  began  treatment  by  general  faradization^  with  fip>ecial  reference  to  the  tender 
^t  in  the  spine.  At  this  locality  we  used  a  stable  increasing  current,  beginning 
W'tb  a  current  scarcely  perceptible,  and  Increasing  the  strength  up  to  the  point  whot 
it  could  be  comfortably  borne.  The  patient  shortly  improved  under  this  treatment, 
though  not  without  relapses  whenever  she  attempted  any  important  exertion.     Fron 
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kto  week  the  tenderness  became  less  marked^  until  the  vertebrae  were  no  longei 
I  wder  moderate  pressure,  and  a.  much  more  powerrul  current  could  be  bom« 
ivMi  ittat.  Agreeable  temporary  relief  followed  each  application — an  observatioa 
llbkhifehave  frequently  made  in  spinal  irritation. 

At  Ihe  end  of  two  months  the  patient  was  dismissed  very  much  benefited. 


flma  tf/  tht  cervical  and  upper  lumhar  veriebnr  caused  by  exposure  to  the 
Grtat  tmceptibitUy  to  electrkity^^lmprovement  under  general  and  localised 
*fir^Miim  and galvanitatiofu 

Case  XI, —Rev.  Mr.  F.,  aged  3a,  was  referred  to  our  care,  March  9.  1868,  by 
)r,  Gordc^a  Buck.  For  several  months  before  he  had  been  complaining  uf  pain  and 
kifineii  in  the  back  of  the  neck,  that  had  compelled  hira  to  r^gn  his  pastond 
pige  UKJ  Abstain  from  all  sustained  menial  exertion.  The  symptoms  dated  from 
■  ttpomreto  the  sun  on  a  very  hot  day.  The  patient  was  large,  talU  well-formed, 
BdappMtmiy  very  robust.  All  the  functions  seemed  to  be  tolerably  well  perform* 
n;  tmtt  luitained  mental  exertion  was  almost  impossible.  He  had  been  treated  faith- 
■Df  by  cotmter-irritation,  in  the  shape  of  wet  cupping,  and  had  derived  positive  benefit 

£lf(tru  examination  indicated  some  tenderness  on  the  npper  cervical  vertebncp 
•djlwtn  the  upper  lumbar;  but  this  tenderness  was  not  excessive,  a«d  a  current 
f»ir  sirtngth,  so  far  as  the  vertebrae  were  concerned,  could  be  readily  borne  with- 
II  diictittiftm  ;  nor  were  the  vertebrse  so  painful  as  they  sometimes  are  found, 
9w  in oae  respect  his  behavior  under  the  electric  examination  was  peculiar.  The 
■■Ifcn  produced  by  a  mild  galvanic  current  over  the  upper  cervical  vejtcbrae  was 
iiBiully  fell  in  the  forehead,  indicating  a  morbid  irritability  of  the  central  nervooi 

jstem,  since  in  health  such  a  phenomenon  docs  not  appear*     That  this  morbid  irri- 

*hyity  Mis  in  some  way  related  lo  the  sympathetic,  or  that,  at  least,  the  sympathe* 
Hyps  tbc  medium  through  which  it  was  manifested,  was  rendered  p^o^>abIe  by  the 
^^Vtt  mild  faradization  or  galvanization  of  the  affected  part  caused  a  very  pro- 

^^^irttion  on  the  hands  and  feet.     This  same  effect  we  have  also  observed  in 
^»*  of  hysteria. 

Slrotigftsthe  patient  appeared  to  be,  it  was  necessary  to  treat  him  with  mild  cur- 
intf  tod  i|)ort  applications.    By  turns  and  in  succession  we  tried  the  various  methods 

ff  €lwri/4i)Qj^  with  both  the  farodic  and  galvanic  cmrrcnts,  and  with  important 

^oogh  not  brilliant  results. 
Aftcii  treatment  extending  by  Intervals  through  three  months,  the  patient  left  for 

•■*  >«  Eogltad,  where  be  remained  nearly  a  year,  still  slowly  improving. 

^^^  susceptibility  to  electricity,  as  in  the  above  case,  is  frequently 
b^^tti  alter  sunstroke, 

fkrmk  {fttdiHon  of  irrUaHon  and  hyperstthena  of  the  spinal  cord  greatly  ben§' 
fi*^  fy  iitterai  faradimtiont  ift  conjunction  with  galvanizatfon  of  the  sympathe* 

CaSIXU. — A  young  lady,  daughter  of  a  physician,  who  had  suffered  for  many 
itbi  from  symptoms  both  of  congestion  and  irritation  of  the  spinal  cord,  was 
ped  ooder  our  care  by  the  advice  of  the  late  Dr.  H.  D.  Bulklcy.     Tendemcas  wai 
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mmnife&t  over  the  cervi  ;al-dorsal  and  lumbar  regiotu.     The  patient  complaioed  ol 

shortness  of  breathy  numbness  and  tingling  in  the  hands  and  feci »  cough*  nausea,  witib 
neuralgic  pains  around  the  loins  and  in  the  extreiniiiefu  A  very  decldeU  lost  of 
piivver  was  manifest  in  the  lower  limbs,  »o  that  it  was  impoSiible  to  take  wof  c  than 
ft  few  turns  around  the  room  without  fatigue.  Under  the  tonic  influence  of  twcatj 
general  applications  of  the  faradic  current,  the  patient  very  decidedly  improved. 
The  tendemeai  ftlong  tlie  apioe  decreased,  and  in  the  cervical  region  di^ppeared  alto* 
get  her. 

The  shortness  of  breath,  the  numbness  and  tingling,  together  with  the  neuralgic 
painSk,  l»ecame  less  marked»  while  the  strength  so  far  improved  that  she  was  able  daUv 
to  take  short  walks  of  several  blocks,  and  to  ascend  the  stairs  with  comparative  coa 
fort. 

We  now  resorted  lo  the  galvanixatioa  of  the  sympathetic  and  the  spine — spinal- 
cord  current — which  were  followed  by  an  improvemcQt  more  marked  than  it  wai 
possible  Co  obtain  from  the  faradic  current  alone. 

The  above  patient  subsequently  relapsed  after  a  severe  fall  and  wm 
again  treated  with  great  perseverance  and  even  better  results,  so  that 
she  is  now  in  perfect  health,  and  is  indeed  unusually  vigorous.  The 
case  illustrates  the  record  that  may  follow  great  perseverance  in  clec^ 
trical  treatment. 

A  £itndtiiQn  of  tingting^  prickings  antf  a  dis^&Hii&n  U  parafytis  of  ike  Ugx^  depen* 
dint  OH  irriiaiion  and  hyperopia  of  ike  cord,  dtcidedfy  niupedby  gaJuamiuitiom 
§f  the  sympathitk  and  gaiera!  faradiM^ion. 

Case  XI I  [.—Mrs,  W.,  aged  44^  whose  physician,  Dr.  H»  Gregory,  advised  treat- 
ment by  electrization,  was  suffering  from  pricking  scn^tlons  tn  the  arms,  and  from 
tingling  and  numbness  of  the  iower  limbs  and  feet.  In  the  legs,  also,  there  was  a 
decided  "disposition  "  to  paralysis^  as  manifested  by  a  feeling  of  weight  in  the  eifort 
of  walking, 

Presaiire  along  the  spine  disclosed  a  tender  point,  at  about  the  third  dorsal  and 
second  lumbar  vertebra-  These  conditions  of  tenderness,  tingling,  and  weight  m  the 
lower  Itmbs  seemed  to  indicate  not  only  an  irritation,  but  also  a  hypersemia  of  the 
spinal  cord  Galvanization  of  the  sympathetic  and  mild  general  applications  of  th« 
faradic  current  were  followed  by  a  marked  amelioration  of  these  symptoms. 

The  limbt  especially  progressed  rapidly,  and  after  eight  applications  became  quite 
strong,  and  were  quite  relieved  of  the  anaesthesia.  Some  tenderness  along  the  courtt 
of  the  spine  still  remained,  with  occasional  tingling  in  the  eatremities,  but  not  fiifl 
dent  to  occasion  the  same  annoyance  as  before. 

SpifMl  irritaiion  of  several  years*  standing — Recovery  under  spinal  gahfanimti^m 
and  gener^  faradisation. 

Case  XIV. — Miss  C,  a  patient  of  Dr.  Grejjory^  was  referred  to  us  with  evidencct 
of  irritation  the  whole  length  of  the  cord.  Under  six  weeks  of  treaiment  hy  spinal 
galvanization  and  general  faradization  the  patient  markedly  improved  in  ail  het 
lymptomi. 
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The  tender  points  ilang  the  spbe  mostly  disappeared,  ind  after  the  cessation  o( 
treatment  she  continued  to  improve  yntil  recovery  w»s  approximsitely  complete. 
The  symptoms  were  of  several  years'  standing. 

SpiH^i  irriiaii^n  t/heo  year/  stoHding — Ricavtry  undtr  tpinal  gahfaniMoium. 

Case  XV. — Misi  S  ,  an  inmate  of  the  New  York  Stale  Woman^s  Hospital,  was 
alleeted,  in  addition  to  ntcrine  disease,  with  severe  and  persistent  spinal  irritation  of 
over  two  years*  ttandin^ 

iipinal  gaivaniiation  repeated  a  doacn  times  during  tlw  coarse  of  a  month  eflecta- 
aily  overcame  the  excessive  irritation  of  the  cord,  and  resulted  in  greatly  increased 
itrength. 

Insomnia,— \n%Qmm2i  is  a  symptom  which,  with  greater  or  less  uni- 
formity and  severity,  accompanies  nearly  all  forms  of  disease* 

It  is  a  symptom  of  such  an  indefinite  variety  and  complexity  of  pa- 
Mtological  conditions  that  it  is  manifestly  impossible  to  treat  it  with 
s^nything  like  uniform  success  by  any  one  conceivable  form  of  medica- 
tion ;  but  of  all  the  remedies  that  have  yet  been  tried  there  is,  we  bc- 
Lieve,  no  one  which  permanently  relieves  the  symptoms  in  so  large  a 
proportion  of  cases  as  electrization.  The  effects  of  electricity  on  the 
^leep,  whether  used  in  the  form  of  general  faradization^  or  galvanization 
^f  the  head  and  cervical  sympathetic,  are  both  temporary  and  perma- 
'Sient.  The  temporary  relief  that  appears  the  night  or  two  following  an 
^s^ppHcation,  though  usually  far  less  potent  than  those  of  bromide  of 
potassium  and  hydrate  of  chloral,  are  yet  very  decided  ;  but  it  is  for  the 
^^rmanent  relief  that  electrization  is  chiefly  indicated  in  this  symptom. 
This  comes  gradually,  slowly,  and  as  a  result  of  the  improvement  of  the 
morbid  condition  on  which  the  insomnia  depends. 

As  has  been  stated,  improvement  in  sleep  is  one  of  the  earliest  ef- 
fects for  which  we  look  during  a  course  of  treatment  by  general  electri- 
zation. In  a  wide  range  of  diseases  sleep,  to  a  certain  extent  and  with 
exceptions,  may  be  regarded  as  a  thermometer  of  health.  When  all 
Other  bodily  functions  are  well  performed,  the  sleep  is  tjsually  sound, 
calm,  and  refreshing ;  when  it  becomes  painfully  and  persistently  dis- 
turbed by  dreams,  or  is  long  absent,  we  may  suspect  actual  or  approach- 
ing disease. 

Tempoiary  loss  of  sleep,  that  comes  from  temporary  anxiety  or  fronr 
tieuralgia  or  other  pain,  is  usually  relieved  with  the  removal  of  the 
Cause,  and  only  demands  special  medical  treatmeat  when  it  is  long  con 
Unued. 

The  treatment  of  insomnia  is  really  the  treatment  of  all  the  diseases 
*^n  which  it  depends.  For  those  cases  where  simple  wakefulness  exists, 
M^naccompanied  by  any  other  symptom  of  recognizable  disease,  we 
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may  use  either  galvanization  of  the  sympathetic  or  in  the  head,  or  fai;^ 
dization  of  the  head  and  spine,  or,  better  than  all,  general  faradiisation^ 
for  somnolence  is  a  result  of  all  these  methods  of  electriiation.  It  if 
not  even  necessary  to  make  the  applications  to  the  head,  the  sympathe- 
tic, or  even  to  the  spine,  in  order  to  produce  sleep*  Simple  peripheral 
galvanization  or  faradization  will  produce  this  result,  and  in  some  cases 
to  a  very  marked  degree.  This  must,  we  suppose,  be  explained  by 
reflex  action.  In  case  of  rheumatism  of  the  hip-jomt,  which  we  once 
treated  by  galvanization  through  the  joint,  the  soporific  effect  on  lh« 
patient  \vas  so  marked  that  he  fell  into  a  profoimd  slumber  before  we^ 
had  time  to  leave  the  house,  in  less  than  ten  minutes  after  the  ap- 
plication was  over.  In  another  case  of  infantile  paralysis  the  mother 
reported  that  the  child  slept  soundly  for  two  hours  or  more  after  each 
sitting,  although  only  the  limbs  were  galvanized. 

Ftrmteni  insomnia  after  thUd-birtk — An  application  of  the  faradie  eurrtnt  t9  ih4 

head  and  spine  is  folUrwed  hy  sleep  of  several  hours. 

Case   XVL — Mrs.  A,,  aged  30,  of  a  highly  nervous  organization,  gave  birth  ta 
her  first  child  after  a  labor  of  16  hours.     So  great  was  the  disorder  of  her  nervou 
system,  that  for  5  days  and  nights  she  was  unable  to  close  her  eyes  Ui  sleep.    Her  con* 
dilicm  was  most  distressing^  and  resisted  all  cflforls  in  the  way  of  medication. 

It  was  agreed  that  a  mild  application  of  the  faradic  current  should  be  applied  to 
tlie  he^  and  down  the  spine.  The  result  was  most  decided  and  gratifying,  since  a 
iteep  of  several  hours,  deep  and  refreshing,  immediately  followed.  It  is  proper  ta 
■ay  that  subsequent  applications  did  not  have  the  same  decided  effect,  although  th<cy 
evidently  strengthened  the  nervous  system  of  the  patient  and  greatly  aided  in 
pating  the  condition  of  insoomia. 

Insomnia  of  monthi  standing  immtdiaiefy  relieved  by  general  faraditaiion^ 

Case  XVIL — Mrs.  C,  a  young  married  lady,  was  directed  to  ti&  by  Dr,  J.  Marion 
Sims,  who  was  treating  her  for  uterine  difiiculty.  She  was  suflering  acutely  from  in* 
^mnia,  and  it  was  hoped  that  some  form  of  electrization  might  prove  bene5ciaJ^ 
more  especially  since  she  had  previously  l)cen  relieved  by  the  application  of  eJectricity, 
although  its  administration  had  been  without  method.  We  subjected  her  to  the  mgst 
thorough  form  of  general  faradiiationt  directing  especial  attention,  however^  to  the 
bead  and  neck.  The  applications  were  administered  on  five  successive  days,  and  during 
each  of  the  following  nights  the  patient  enjoyed  uninterrupted  and  refreshing  sleepc 
As  Co  the  permanency  of  tbe  effects  we  are  not  informed. 

Insomnia  of  several  months  duration  relietfed  under  treatment  if  general faradi^ 
tation  and  galtfaniiation  of  the  brain, 

C/iSK  XVI  [L— Mr.  J.  D.,  aged  65,  was  referred  to  m  by  the  late  Dr.  J.  C.  NotI 

lor  the  relief  of  insomnia  of  such  an  obstinate  character  as  to  threaten  serious  conse^ 
queocet*  He  had  suffered  a  few  months  previously  from  a  severe  attack  of  congestive 
rhiJli,     From  the  effects  of  these  he  bad  app«-oximately  recovered.     Hit  siren|;ih  and 
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ippetite  were  fair,  but  as  it  w£ia  sometimes  impossible  for  Inm  to  sleep  moTC  than  no 
hour  or  two  during  tfie  whole  night,  he  was  fast  merging  Into  a  nervous,  excitable  con- 
dition. The  patient  was  treated  by  both  general  faradization  antl  galvanization  of  th« 
brain.  He  very  gradually  improved,  and  at  the  end  of  a  month's  treatment  he  waj 
enjoying  five  and  six  hours*  continuous  sleep  every  night. 

insomnia  foUswing  menstruation — General  faraditati&n  affords  immcdlaie  relief. 

Cask  XVI IIa. — ^Mrs.  B.,  aged  40,  sufTcred  an  unusual  loss  of  blood  at  each  mea- 
Inial  period,  which  was  followed  by  obstinate  insomnia  during  the  succeeding  two 
weeks.  General  faradisation  was  essayed  for  the  relief  of  the  sleeplessnevs^  and  was 
entirely  ^ccessfuL  Three  or  four  applications  after  each  period  was  fiuiEcient  to 
promote  calm  repo«e  until  the  next  flow. 

Astraph(fhia  (aorpa^y/t  lightning  and  <^j3o9  fear  of). — Some  individ- 
uals, especially  those  of  pectiliarly  impressible  organizations,  are  not 
only  unpleasantly  but  senously  affected  during  thunder*storms  that 
are  attended  by  vivid  iashes  of  lightnings  They  stiffer  not  only  dis- 
tressing fear,  but  positive  pain  m  the  head  or  stomach,  that  leaves  them 
in  a  condition  of  exhaustion  that  may  last  several  hours,  or  even  two 
or  three  days. 

A  medical  friend  informed  us  of  a  patient  under  his  care,  who  during 
thunder-storms  was  attacked  by  severe  nausea,  and  by  convulsive  at- 
tacks resembling  epilepsy.  Under  treatment  directed  to  the  improve- 
ment of  her  general  system  she  greatly  improved.  In  some  cases  diar- 
rhoea is  excited. 

These  syTHptoms,  though  most  frequent  with  nervous  people,  and  es 
pecially  with  women,  may  also  appear  in  those  who  are  otherwise  strong 
both  in  health  and  in  will  power. 

In  two  cases  of  astraphobia  of  long  standing  we  found  much  diminu- 
tion of  volitional  contracLility  and  considerable  ansesthesia,  but  no  loss 
of  electric  muscular  contractility. 

Treatment  by  the  electric  brush  and  central  galvanization  afforded 
much  although  not  absolute  relief. 


CHAPTER  XVI, 


INSANITY. 


We  have  seen  that  very  much  has  been  accomplished  in  the  tra* 
inent  of  hypochondriasis  and  iiidancholia  by  the  combined  method*  <* 
central   galvanization  and   general   faradizadon,   and,  reasoning  fintfi 
analogy,  it  is  probable  that  an  important  future  is  in  store  for  ihcsdco* 
tific  faithful  use  of  these  methods  of  electriitation  in  our  public  and  f«V" 
vate  asyhuiis. 

It  is  not  as  wd!  recognized  as  it  should  be  that  in  diseases  of  tht  hrs0 
and  spina/ cord,  where  the  mind  is  seriously  affected^  the  eUctricdittil^ 
ment  is  also  indicated^  Just  as  in  diseases  of  the  same  organs  when  thimtnl 
is  not  affected.  In  some  of  the  asylums  of  England,  United  States*  ant 
Germany,  electricity  is  now  and  for  some  time  has  been  used  as  an  ad- 
junct to  other  remedies  for  the  treatment  of  different  forms  of  insioity* 
but  with  a  few  exceptions,  the  treatmcnl  is  not  systemaiicaUy  carried  ooU 
and,  partly  through  ignorance  of  the  methods  of  application,  ptftl^ 
through  want  of  sufficient  medical  assistance  to  supervise  the  necwsujr 
details,  the  results  have  not  been  entirely  satisfactory,  and  the  asr» 
have  not  been  fully  recorded. 

We  should  except  from  these  remarks  the  Alabama  Asylum  for  ^^ 
Insane,  where,  under  the  superintendence  of  Dr.  Bryce,  both  cuirsfll* 
of  electricity  have  been  used  in  the  treatment  of  the  patients  for  i^ 
past  two  or  three  years. 

We  have  corresponded  with  Dr.  Bryce  on  the  subject  from  the  ^ntt 
and  have  at  different  times  given  suggestions  in  regard  to  the  methodirf 
application,  which  suggestions  have  been  carried  out  so  far  as  pDsMt 
for  the  already  overworked  officers  of  that  institution. 

Under  date  of  February  17th,  1873,  he  gives  the  general  results  i 
his  observations  in  the  following  language  :  "We  like  it  :  find  itbct« 
ficial  in  most  cases,  valuable  in  a  majority,  and  iDdtS[>ensable  in  certUA 
forms  of  hysterical  insanity,  in  primary  dementia,  and  neurastb' 

The  failures  in  this  as  in  other  branches  of  electro-therapei^ 
m  fact,  the  logical  result  of  want  of  familiarity  with  the  manageiDCDt  oi 
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b  !terics,  of  incorrect  ideas  on  the  differential  action  of  the  currents, 
ai  d  the  general  action  of  electricity  on  the  body»  and  deficient  techni- 
cal skill  in  the  details  of  the  applications. 

For  those  who  are  beginning  to  use  electricity,  or  are  contemplating 
its  use  in  the  as}^!iims  for  the  insane,  these  general  suggestions  may  be 
of  service  :  i.  Let  it  be  remembered  always  that  electricity,  in  any  form 
— Frankh'nic,  Galvanic,  or  Faradic — when  applied  to  the  body,  acts  as 
a  stimulating  tonic  with  a  pmverful  sedative  influence.  It  is  an  agent 
for  improving  ntitrition  in  any  condition,  local  or  general,  where  im- 
provement in  nutrition  is  required  It  is  to  be  used  for  the  insane  just 
as  bromide  of  potassium,  quinine,  strychnine,  and  iron  are  used. 

The  order  and  degree  of  its  effects  depend  largely  on  the  method  and 
manner  of  application,  and  on  the  constitution  and  disease  of  the  patient 
to  which  the  application  is  made, 

2.  That  in  insanity  the  brain  is  not  the  only  part  of  the  body  affected. 
Excluding  those  cases  of  insanity  produced  by  reflex  action  from  the 
digestive  and  pelvic  organs,  there  are  very  many  cases  where  the  spinal 
cord  and  other  parts  of  the  central  and  peripheral  nervous  system  suffer 
as  an  effect  of  the  disease  of  the  brain. 

While  these  remarks  may  seem  but  commonplace  to  experienced 
psychologists,  and  while  the  fact  of  the  relation  of  diseases  of  the  brain 
to  diseases  of  other  parts  of  the  body  is  continually  recognized,  when 
other  remedies  are  employed,  still,  in  the  application  of  electricity,  some 
experimenters  have  acted  on  the  theory  that  the  brain  alone  should  be 
treated.  Those  who  act  exclusively  on  this  theory  will  not  gain  great 
victories  over  insanity  by  electricity.  Some  of  the  applications  should 
be  made  in  such  a  way  as  to  bring  the  whole  central  nervous  system 
under  the  influence  of  the  current,  and  local  diseases  associated  with 
insajiity  as  a  cause  or  effect  should  receive  local  treatment. 

The  central  nervous  system  is  best  brought  under  the  direct  influence 
of  the  galvanic  current  by  the  method  of  central  galvanization.  The 
method  may  be  varied  by  galvanization  of  the  brain,  cervical  sympa- 
thetic, pneumogastric  and  spine  ;  but  the  method  of  central  galvaniza- 
tion is  easier,  safer,  and  more  effective.  In  cases  associated  with 
debility,  and  especially  in  those  forms  of  insanity  dependent  on  neu- 
rasthenia or  nervous  exhaustion,  general  faradization  answers  a  good 
purpose,  and  may  with  great  advantage  be  used  alternately  with  central 
galvanization  or  localized  galvanization  of  the  nerve  centres. 

3,  The  first  tentative  applications  should  be  very  mild,  and  the 
strength  of  the  current  and  the  time  of  sitting  should  be  gradually  in- 
creased as  the  patient  provea  himself  able  to  bear  the  treatment. 
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In  the  following  case,  althotigh  no  |>emmi3ent  relief  was  aflfordediyj 
the  method  employed,  the  temporary  effects  were  so  sudden  and  startlioS 
as  to  render  the  history  of  exceeding  interest : 

A€tite  tnania  ef  tki  mc^t  initmi  cknraci^r  txuHng  fom^  m^tUk^-^mvM^ 

fffectt  of  gtneral /araditation, 

Cass    XIX. — Miss  R,,  aged  20,  living  in  Harlem,  and  %  patient  of  Dr«  Joi^^ 
WoostCfi  of  New  York,  wa^  suflfering  from  acute  mania  dating  from  sttpprc5fioe«f  tii^ 
menses^  occurring  four  months  before  she  fell  under  our  care.     She  hod  alwav*  — »*»t 
most  excellent  health— indeed  was  remarkble  for  her  vigorous^  robust  o: 
and  it  may  be  addecJ,  the  ruddiness  of  her  complexion.     While  watering  the  ps;i:'  m 
the  conservatory  of  her  sister,  her  clothes  became  quire  wet  ;  she  neglected  lo  dump 
them  immediately^  and  the  coni»eqnence  was  a  sappression  of  the  menstrvil  flow,  Ste 
complained  on  the  following  day  of  severe  headache,  and  on  occasions^  teing  tieaer 
two  weeks,  was  markedly  unreasonable  in  her  action  and  demands. 

Finally  active  delirium  set  in,  but  with  no  decrease  of  bodily  strength.     Atiaoa 
Khe  was  iuten.^ly  violent   in  her  demonstrations — screaming  at  the  top  of  bcr  vols 
and   breaking  every  article  of  furniture  within  her  reach  ;    as  a  consetfotfacr  ^ 
was  confined  in  a  room  Fitripi^ed  of  its  furniture,  and  m  her  wildest  moods  the  stnit^ 
jacket  was  applied.     For  more  than  two  months  no  sleep  visited  her  eydids,  ritbOTl 
the  nightly  administration  of  from  loo  to  120  grs,  of  chloral.     During  the  softttl^ 
ahe  was  often  menj^urably  quiet,  but   as  evening  approached  »he  became  abiolvMlp' 
ungovernable,  and  when  chloral  wa^  not  given  she  had  been  known  to  pftcs  1 
the  room  with  great  rapidity  and  strength,  mutleriag  to  herself,  with  ab»oltit«*fl 
cessation,  from  sunset  to  sunrise.     Sl^  had  decreased  in  weight  from  160  to  no  I 
On  the  evening  of  the  isth  of  April,  she  was  held  firmly  in  position  by  sewtalprfl 
ful  assistants,  and,  after  thoroughly  moistening  the  hair  of  the  head,  we  sub 
her  to  the  most  thorough  form  of  general  faradization  with  the  very  smootbcst  c 
obtainable.     The  current  was  of  great  strength,  but  evidently  in  it^lf  caused  no  ^ 
comfort  to  the  patient.    That  night,  and  without  the  use  o(  any  drug,  the  poncot* 
joyed  five  hours  of  the  quietest  sleep,  and  for  48  hours  thereafter  was  perfect i^  1 
cnt  and  tractable.     Another  paroxysm  of  violence  again  showed  iticlf,  and  litei 
form  of  application  was  reatl ministered.     She  again  slept  quietly,  and  ta  the  I 
awoke  perfectly  rational,  but   extremely  weak  in  body.     The  day  beit^  hfig^  « 
sunny,  a  chair  was  placed  in  the  yard,  where  she  sat  for  severa.!  hottn,  lod  to  iB  ^ 
conversation  evinced  entire  freedom  from  anything  like  mental  derangemecit,    S**^"^ 
denly,  however,  she  arose  from  her  chair  and  ran  around  the  yard  with  great  n^^^ 
She  was  imme^ltately  capuireti^  and,  when  taken  to  her  room,  gave  evidence  of  ill  *t^^ 
former  derangemeut.     She  was  unusually  violent  daring  the  rest  of  the  day,  bat  itt^^ 
the  administ rat ioit  of  100  grains  of  chloral  (and  this  was  effect&l  with  great  ^ 
culty,  owing  to  her  fierce  struggles)  she  passed  the  latter  part  of  the  night  ill  co« 
atively  quiet  sleep.     On  the  following  morning  she  awoke,  somewhat  exdi^d,  0^ 
mained  so  during  the  day,  while  towards  evening  she  as  usual  beoanoe  mo 

General  faradization  was  again  tried,  and  was  attended  by  its  previous  good  % 
Four  or  five  hours  of  quiet   sleep  followed,  and  on  awakenings  and   for  &  1 
the  succeeding  day,  the  patient  was  quite  calm  anrl  in  some  respects  entir^  ratk 
Not  to  prolong  this  description,  it  may  be  said  that  neither  gcnerii  fandiatiMil 
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centtal  gAlvanization  veemrd  to  be  sufficient  to  iccomplish  more  th&n  is  related  in  thf 
above  description,  and  finally  k  failed  to  give  marked  relief.  The  patient  was  taken 
by  bcr  friendi  to  an  asyLum  and  passed  from  iinder  our  observation. 


^£nif^uj£  insanity  in  a  marriid  iady — Grtai  metaneholy  ;  cotutant  wteping  ;  at 
ttmptt  to  commit  suicidt ;  attempts  at  starvation  ;  Uss  ofjUsh  ;  attacks  of  numb- 
ness ;  heaving^  tearing,  grasping^  binding  sensation  in  stomach  and  abdomen  ; 
unilateral  Tweaitng  ;  hysterical  attacks  of  crying,  laughtng,  and  unusual  suscep* 
tibility  to  electricity — Gradual  and  steady  recovery  under  central  galvanisation  of 
the  eervieal  sympathetic^  confined  with  cod-liver  oil  emulsion. 

Case  XX. — Mrs«  S.,  a  married  tady  of  tniddie  tife,  was  referred  to  u^^  Octobet 
ig»  1S71. 

The  patieoc  was  pretty    evidently  suffering  from    menopause   mania,  of  several 

ttionths'  standing,   and  evincetl  no  disixisition  to  recover.     She  attributed  all  her 

•ymptoms  to  the  use  of  the  vaginal  syringe,  but  there  was  no  evidence  of  this,  and  the 

i         Caise  was  pretty  clearly  one  of  mania  dependent  on  the  beginning  of  the  change  of  life. 

The  patient  would  never  sit  down  :  all  day  long  she  walked  and  wa!ke<l  the  floor  of 

%he  house,  sometimes  standing  stUl  a  moment  to  look  out  of  the  window  or  converse 

^^r    to  look  vacantly  into  space;  but  never  would  ntfor  a  moment  or  even  tie  down 

<«:^n  a  lounge ;  at  night  only  would  she  go  to  bed. 

She  would  weep  for  hours  together,  and  when  not  weeping  was  heavily  depressed, 

'^Icr  ruling  desire  was  to  commit  suicirle,  and  most  resolutely  she  tried  to  starve  herself 

^o  deaths  but  failed  in  the  attempt  for  the  reason  that  she  could  not  resist  the  tempta> 

'^ion   to  take  a  bite  now  and  then,  although  she  did  not  partake  of  a  regular  meal  for 

^several  weeks.     She  was  naturally  very  flc^jhy^  and  had  lost  fifty  poutids  in  weight,  Sh« 

^^neJ  to  get  hold  of  the  batteries  that  were  left  at  her  house  in  order  io  drink  the  acid 

^bolution,  and  her  husband  was  obliged  to  take  away  the  Ixittles  after  each  applica- 

"Vion.      The  patient  had  besides  many  vague,  nervous  symptoms,  such  as  uumbneas  and 

'         ■fearing,  ruUing^  heaving,  huniing^  binding  sensations  in  the  stomach  and  abdomen. 

'  Attacks  of  unilateral  swelling  on  the  left  side  came  on  at  times,  and  the  left  side  in  all 

»  respects  was  weaker  than  the  right. 
We  suspected  that  all  ihe  symptoms  might  be  more  or  less  riflex  from  the  uterus, 
but  the  patient  would  not  yield  to  our  suggestion  that  some  gyniccologist  be  called  in 
to  make  an  examination. 
There  was  tenderness  over  the  ovarian  region,  especially  on  the  left  side,  and  also 
tenderness  on  the  dorsal  and  lumbar  vertebrae,  and  at  times  along  the  entire  length  of 
the  spine. 

It  seemed  probable  that  the  patient  would  have  to  be  sent  to  an  asylum,  but  as  hef 
husband  was  so  utuated  that  he  could  give  her  close  attention,  we  decided  to  6rst  ea* 
^^       haust  treatment  by  electricity  and  internal  medication, 

^H  We  used  central  galvanization  varied  by  galvanization  of  the  cervical  sympathetic 

^"       and  spine,  and  prescribed  for  internal  use  the  cod-liver  oil  emulsion.       She  was  found 

to  l>e  very  susceptible  to  electricity  :  only  gentle  currents  and  short  applications  wcie 

borne,  and  when  thus  used  the  sedative  effect  was  excellent ;  but  when  carried  be 

yond  a  certain  point  irritation  rather  than  sedation  followed.     The  applications  were 

?  on  the  average  about  three  times  a  week,  for  four  months,  with  at  first  slow  and 

t  imperceptible,  and  afterwards  with  rapid  improvement,  and  with  ultimale  and 
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perreuuient  recovery.  A  year  and  more  after  the  treatment  was  abandoned,  the  patkol 
had  fiilly  regained  and  still  retains  aU  her  fieah,  health  and  spirita. 

The  above  case  seems  to  us  to  illustrate  the  following  points : 

1.  The  well  known  fact  of  the  curability  of  menopause  insanity,  even 
when  the  symptoms  are  of  the  worst  character.  In  the  case  of  Mrs.  S.  all 
the  symptoms  were  bad  symptoms.  At  times  her  maniacal  attacks  were 
so  violent  as  to  be  absolutely  alarming^  and  twice  at  least  we  had  reason 
to  be  considerably  terrified. 

2.  The  advantage  of  combining  medical  treatment  with  various 
methods  of  electrization.  Although  the  patient  herself  and  her  husbajid 
attributed  the  result  to  the  electrical  treatment  alone,  yet  in  our  own 
judgment  the  credit  should  be  divided  between  the  medical  and  the 
electrical  treatment,  and  the  element  of  time  should  also  be  considered. 
The  patience  and  perseverance  of  the  husband  and  his  constant  atten- 
tion should  be  considered. 

3.  The  fact  tliat  electricity,  cautiously  used,  may  be  of  great  service 
even  when  it  is  not  well  borne.  Mrs.  S.  never  could  endure  a  long 
or  Strang  application,  even  when  she  had  been  long  under  treatment, 
and  by  some  the  case  might  have  been  given  up  as  not  adapted  for 
electrical  treatment. 

4.  The  principle  that,  in  the  treatment  of  insanity  by  electricity,  the 
applications  should  not  be  confined  to  the  brain,  but  should  be  made  so 
as  to  affect  the  whole  central  nervous  system,  which,  primarily  or  second' 
arily,  must  be  more  01  less  involved  in  nearly  all  phases  of  insanity* 


I 
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CEREBRAL  AND   SPINAL  COKGESIIO!! 


Aw  exceedingly  interesting  point  in  the  consideration  cf  congestion  ol 
the  nerve-centres  is,  the  discrepancy  between  the  observed  symptoms 
and  the  authoritative  statements,  in  regard  to  the  necessary  and  con- 
stant relation  of  certain  symptoms  with  that  condition.  In  pathological 
conditions  of  the  brain  and  spinal  cord,  more  perhaps  than  with  other 
organs  of  the  body,  it  is  difficult,  nay,  utterly  impossible,  to  associate 
a  long  list  of  distinct  symptoms  with  some  change  or  tendency 
to  change  of  structure,  and  say  that  they  invariably  exist  as  eifecti 
and  cause.  What  we  term  distinct  variations  from  the  physiologi- 
cal conditions  of  the  great  nerve-centres*  so  markedly  and  undeniably 
nin  into  and  overlap  each  other,  are  so  frequently  as  it  were  intertwined, 
that  it  is  hard  for  the  most  careful  observer  to  do  more  than  to  arrive 
at  approximately  correct  conclusions  as  to  the  actual  pathology.  Irri- 
tation and  congestion  of  the  cord  may  coexist.  Congestion  of  a  severe 
and  chronic  character  may  simulate  actual  sclerosis,  and  hysteria  asso- 
ciated with  a  mild  form  of  either  irritation  or  congestion  may  give  rise 
to  symptoms  of  anxsthesia  and  such  decided  impairment  of  electro*mus- 
cular  sensibility  as  to  completely  mislead  the  practitioner  and  suggest 
the  existence  of  serious  organic  disturbance* 

These  remarks  will  be  more  fully  appreciated  by  referring  to  several 
of  the  illustrative  cases  that  follow. 

Prognosis  and  Treat  me  nt^Th^  relief  that  is  afforded  by  electrization 
in  the  ordinary  forms  of  passive  spinal  and  cerebral  congestion  is  quite 
Constant  and  reliable. 

Galvanization  of  the  brain,  spinal  cord,  and  sympathetic  are  of  course 
to  be  used  and  should  be  attempted  with  more  or  less  thoroughness  ac- 
cording to  the  indications  of  each  individual  case. 

General  faradization,  however,  should  not  be  neglected  There  are 
Very  few  cases  that  will  not  receive  benefit  by  its  judicious  employ 
i^ent. 
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Sudden  ^nsH  of  (Qngation  oftke  card  associaied  with  sym^pms  of  irriUiim^ 
recovery  falimos  gentral  faradizaiiim. 

Case  XXI.— Mr.  B.  W,,  a  youth  aged  17,  but  exceptionally  mallft,  bflA  J* 
physical  and  mental  endowmeuts,  was  referred  to  us  by  his  physiciaa*  Dt.  JohftJ* 
Cianc. 

This  patient,  who  was  a  student  at  Harvard,  stated  that  some  weeks  previously  liC 
had  one  afternoon  walked  quite  bri^^kly,  and  for  a  considerable  length  of  time,  taJ 
while  m  a  state  of  partial  perspiraliou  had  reclined  upon  the  grass  until  a  ba««f 
chilliness  warned  him  of  his  imprudence.     Daring  the  rest  of  the  day,  and  on  tetiUflS 
at  night,  he  observed  no  unusual  symptom,  but  in  the  morning  the  legs  were  fooit 
to  be  stiff  and  weak,  associated  with  a  decided  loss  of  co-ordinating  power.     ladMI 
the  patient  was  suffering  from  incomplete  paralysis  in  a  paraplegic  form.     There  ii« 
slight  but   marked   tendeme^  along  the  spine  on  pressure,  but  no  exaggentiiii  4( 
reflex  excitability  in    the    limbs,    and  no  appreciable   impairment   of  electTo^aa^ 
cular  contractility  or  sensibility.      Anaesthesia  was  quite  marked  in  the  calves  of  (hi 
legs  and  toes,  but  any  sensation  of  tingling  was  altogether  wanting.     Pains  iatk 
back  and  limbs  were  not  increased  by  motion,  but  Ibe  patient  compbined  of 
discomfort  along  the  spine  that  was  increased  at  night  by  the  warmth  of  tliei 
It  seemed  suihciently  clear  that  the  case  was  one  of  spinal  congestion,  ftod  oor 
thought  was  to  trust  to  galvanization  of  the  spine,  but  on  futher  thought,  and  tikiog 
into  consideration  the  reccntness  of  the  attack,  and  the  remarkable  effects  of  goenl 
faradization  in  equalizing  the  circulation,  w^  submitted  the  patient  to  a  most  iboroish 
but  mild  seance  of  the  last-named  method^  and  directed  him  to  call  again  in  tlwcoarc 
of  a  couple  of  dny!».     On  \i\%  return  we  found  that  the  anaesthesia  had  almosi  EOtirdf 
ceased  to  annoy  him  ;  his  limbs  were  more  supple  and  stronger,  and  there  wttsaiec^ 
Test  increase  in  the  power  of  co-ordination.     Substantially  the  immt  method  «oa>* 
ployed  on  seven  different  occasions  from  May  5th  to  May  13111,  when  be  retJUMA 
to  his  studies  completely  recovered. 


In  the  case  above  cited,  anaesthesia  was  a  prominent  symptom, 
there  were  absolytely  no  sensations  of  formication  or  tingling. 

Tenderness  on  pressure  along  the  spine  was  decided,  and  yet  we  SiKf 
various  authors  staling  that  in  spinal  congestion  not  only  is  this  spjp* 
torn  wanting,  but  so  also  is  aniesthesia,  while  the  sensations  of  foftnici' 
tion  and  tingling  in  either  the  toes  or  fingers  are  almost  invarisWf 
present. 

Sometimes  the  symptoms  of  one  pathological  condition  may  be  the 
more  prominent — sometimes  the  symptoms  of  another — and  occasioojl" 
ly  it  may  be  observed  by  one  whose  experience  is  at  all  extended  tlni 
spinal  congestion  and  irritation  occur  together  as  afifectionSy  so  to  siieik, 
co-ordinaie  and  coequaU     In  this  case  congestion  of  the  cord  wasufi- 
doubtedly  the  predominant  condition,  while  the  symptom  of  lendcmt» 
along  the  spine  on  pressure  rendered  it  evident  that  irritatioQ  waspr^ 
ent  as  welL 
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S^'mai  ieudrrnas  along  iki  lower  portion  cf  iht  spine  &n  pressurt  followed  hy  pain 
in  the  hffweU  and  extrtmiiia-^Impaired  motcr  power ^  iU. — Jmtrovemeni  under 
spinal  gahmniEaiiQH  after  failure  of  general  faradisation. 

Case  XXI L— As  an  illustration  of  a  very  considerable  loss  of  power  in  tlie  lower 
limbs  from  weJl-miurked  spinal  congestion,  we  refer  to  the  case  of  a  married  lady  aged 
35,  who  was  placed  under  onr  core  by  Dr.  J.  O.  Farrington.  Some  four  years  pre- 
viuusly  she  first  began  to  notice  certain  symptoms  for  which  she  could  not  account, 
but  which  evidently  indicat  ed  some  disturbance  of  the  circulatiuiif  and  possibty  some 
slight  spinal  irritation. 

She  was  then  regarded  as  hysterical,  and  was  realty  tormented  with  many  of  those 
vague  and  various  symptoms  which  accompany  this  condition.  Associated  with  her 
general  nervous  distress  at  that  lime,  however,  were  a  number  of  special  symptoms, 
which  she  readily  called  to  mind  on  being  closely  questioned.  The  mofit  prominent 
of  these  was  a  sensation  of  tenderness  when  by  any  accident  or  design  pressure  was 
made  over  the  lower  part  of  the  spinal  cord.  She  recollected  also  that  this  sensation 
of  tenderness  was  accompanied  by  pain  in  the  lower  part  of  the  bowels  and  in  the  ex> 
tremities,  and  frequently  a  disposition  to  nausea. 

These  symptoms  became  neither  much  aggravated  nor  decidedly  improved,  but 
continued  to  annoy  her  until  about  five  months  before  she  came  under  our  observa- 
tloflf  when  a  great  change  for  the  worse  manifested  itself. 

Quite  suddenly  she  found  that  the  power  of  locomotion  was  considerably  impaired. 
Slight  exercise  fatigued  her  more  and  more,  until  finally  she  was  unable  to  walk  more 
^tbaa  a  few  hundred  feet  without  becoming  cKcessively  faliguetl.  There  was  a  sense 
of  heaviness  in  the  knees  and  feet^  and  frequently  it  required  all  her  efforts  Co  over* 
come  this  feeling  of  helplessness  and  move  around.  There  was  no  an2esthe.(da  ;  but 
she  complained  of  a  constant  tingling  in  the  6n|^ers  and  toes. 

Pressure,  when  made  over  any  portion  of  the  spine,  caused  no  feeling  of  tenderne»j 
but  at  night  the  warmth  of  the  bed  frequently  produced  a  dull  aching  of  the  cord, 
vrhich  effectually  prevented  sleep.  Both  night  and  day  she  was  annoyed  at  intervak 
with  paroxysms  of  shortness  of  breath. 

Hoping  to  equalize  the  circulation,  and  I  has  help  to  relieve  the  congestion  which 
WAS  fupposed  to  exist,  we  made  use  of  the  faradic  current.  We  could  accomplish 
oolhing  with  it^  and  resorted  to  the  galvanic  current,  placing  the  negative  electrode 
«t  the  coccyx  and  passing  the  positive  up  and  down  the  spine — spinal^cord  current. 
The  application  was  administered  every  other  day»  and  was  followed  by  good  rcsulti. 
The  wnsation  of  tingling  of  which  she  complained  was  entirely  dissipated. 

The  annoying  shortness  of  breath  was  so  much  relieved  that  it  was  only  occasionally 
and  at  night  that  she  was  troubled  by  it.  Her  feet  became  permanently  warmer, 
and  she  was  able  to  increase  somewhat  her  amount  of  exercise  without  suffering 
fatigue.  These  results  were  accomplished  in  two  months,  during  which  time  thirty 
applicj^tions  of  the  galvanic  current  were  made. 

The  prominent  symptom  which  pointed  to  spinal  uriCalLon  as  the  original  diMctiltf 
in  the  ca^  of  this  patient  was  the  sensitiveness  of  Ibe  spine  to  pressure,  and  tbe  ac 
com|KLnytng  nausea  and  pains. 

The  symptoms  which  indicated  the  later  stages  of  cotigestion  were  t 

First ^ — Incomplete  paralysis  in  a  paraplegic  form* 

Seconti— ^A  constant  tingling  in  the  toes  and  5ngeri^ 
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Third  -^A  dull  achinE  along  the  spine,  caased  by  warmth. 

Fourth — Shortness  of  breath. 

These  symptoms,  together  with  the  absence  of  tome  of  the  promineiik  inffiote^ 
mycUtb,  viz.,  anaesthesia^  paralyids  of  the  bladder  and  sphincter  mi^  impinnailt ^ 
electro-contractility  and  elcctro-seasiliiiity»  and  aUo  of  tenderness  on  prepare 
the  spinet  which  does  not  accompany  the  graver  diseases  of  the  cord  when  sot  ns^ 
ciated  with  spinal  irntation-^all  these  fully  conHrmed  the  diagnosis  of  congeitioaQ 
the  cord. 

Cerebral  congesthn  in  a  y&ung  girl — Attaeks  brought  oft  wkttt  wwkin(  #«  ^^ 
tewtHg-machine — Gr€at  temporary  relief  uttder  central  galvanitation^  Jf*^*"'  ^"^ 
satioti  of  the  sympathetic^  and  bromide  of  potassium-^Relapte  under  lit  (*"  '"^ 
tinttation  of  the  exciting  cause. 

Cask  XXIU. — E.  A -,  a  girl  twenty-four  years  of  age,  came  to  as  i 

ing  that  for  four  months  ^he  had  saffered  from  attacks  of  fulnesA  of  the  head,  I 

ing  of  th«  face,  with  burning  feeling  tha^t  came  on,  sometimes  every  day,  i 

in  the  afternoon  and  evening,  when  she  had  been  hard  at  work  on  the  i 

She  was  employed  in  a  shop  where  she  was  expected  to  work  all  day  on  the  mschae'^ 

The  constitution  of  the  patient  was  excellent,  and  there  were  no  evidences  of  i 

disorder. 

Wc  U5ed  central  galvanization,  galvanization  of  the  head  and  sympatbet)^  * 
prescribed  bromide  of  potassium  internally,  with  immediate  and  decided  tclid^  I 
the  ^^ptociLS  recurred  when  she  returned  to  hard  work  on  the  machine; 

Qer^ral  congestion  and  exhtmstion  i$iduced  by  auer-tail  mnd  werry^  fMmnit 
of  catarrh  and  nasal pdypi — Terrible  insomnia — Temporary  nitmbnetf—Mtt 
under  galvanization  of  brain  and  cervical  sympathetic^  and  internal  use  «}  i 
liver  oil  emulsion^ 

Case  XXIV. — Mr.  D -^  a  gentleman  of  middle  life,  a  political  editonsl  i 

on  one  of  our  prominent  Western  newspapers,  consulted  us  December  lo^  iS'V  i^ 
persistent  insomnia  of  a  very  aggravated  character,  that  for  one  year  had  foreo)  hi> 
to  try  all  methods  of  treatment,  including  hydropathy,  homcropathy,  i 
etc.f  with  but  little  pruht.     The  condition  had  come  upon  him  as  a  resalt  of  < 
toil  in  his  profession,  combined  with  mental  annoyances  of  a  most  sertotis  dkintf^ 
Formerly  the  patient   had  suffered  from  nasal  catarrh  (chrome  rhintttsi  uA~  tf 
polypi :  as  the  cerebral  dtsifrder  came  on^  the  catarrhal  symptoms  disappeartL 

The  insomnia  had  l)een  most  obstinate:  for  weeks  and  months  ll  had  tecaBM^ 
sary  lo  use  chloral,  else  there  was  absolutely  no  sleep ;  and  recently  the  ddonlt 
lost  somewhat  of  its  power. 

We  gave  him  a  few  applications  of  electricity,  uang  the  ordinary  methoistif  | 
vanizing  the  brain  and  cervical  sympathetic,  and  gave  the  cod*liver  otl  cmiabaaa, 
was  obliged  to  return  lo  his  duties  j  but  be  carried  out  the  treatment  faithfully « 
now  and  then  reported  his  progress.     The  improvement  was  constant  and  penmifliL 
He  got  along  with  less  and  less  chloral.     In  the  course  of  a  few  weeks  he  wrote  da^ 
be  was  nearly  well  \  but  he  adda;  **  The  catarrh  is  comiog  back  ;  tlie  de%il  tikea*' 
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NEURALGIA. 


The  relief  of  pain,  whether  of  a  pseudo-neuralgic  or  hysterical  char- 
acter, or  whether  depeiideiit  od  true  neuralgia  or  other  causes,  is  a  very 
liniKirtaot  function  of  electrisation  ;  but  in  no  coudition  has  it  been 
more  difficult  lo  discriuiinate  correctl)'  in  the  selection  of  die  proper 
method  of  electrical  treatment.  True  neuralgia,  as  defined  by  Anstie, 
is  without  doubt  tnost  successfully  treated  by  galvanism,  while  hysteri- 
cal neuralgia,  and  the  so-called  pseodo- neuralgia,  which  are  simply 
fomis  of  pain,  occupying  certain  areas*  and  running  seemingly  in  the 
direction  of  certain  nerves,  yield  most  readily  to  faradism. 

More  specifically,  the  effects  of  prtssurd  in  the  various  forms  of  neu- 
ralgia are  exceedingly  useful,  as  guiding  symptoms,  indicating  the 
proper  current.  We  do  not  by  any  means  lay  it  down  as  a  universal 
law,  but  it  wit!  certainly  be  found  that,  in  the  great  mnjority  of  cases  of 
neuralgia,  where  hun  pressure  over  the  affected  nerve  aggravates  the 
pain,  the  galvanic  current  is  indicated,  while  the  faradic  current  has 
the  greater  power  to  relieve  when  such  pressure  does  not  cause  an  in- 
crease of  pain. 

In  the  class  of  cases  called  sometimes  hysterical  hyper^esthesia,  it  is 
'^'ell  known  that  firm  and  prolonged  pressure  affords  marked  relief,  while 
pressure  superficially  applied  increases  the  distress.  The  faradic  cur- 
Tent  is  here  infinitely  superior  to  the  galvanic. 

£Uciro*^tagn0sis  in  neuralgia  discovers  the  painful  spots  that  are 
<letccted  by  pressure  in  the  course  of  the  affected  nerve,  and  may  also 
discover  sensitive  points  on  the  siiine,  or  the  head,  that  might,  perhaps, 
have  otherwise  escaped  observation. 

Treatment— )^^foTQ  attempting  the  electric  treatment  of  neuralgia, 
we  should  endeavor  to  diagnose  its  general  character,  in  order  to  de- 
cide upon  the  method  to  be  employed.  In  doubtful  cases  it  is  neces- 
sary to  try  in  succession  central,  peripheral,  and  general  treatment. 

The  treatment  of  the  different  varieties  of  neuralgia  is  the  bf?st  test 
of  skill  in  electro-therapeutics.  There  is  no  disease  or  symptom  in 
which  the  results  of  treatment  in  different  cases  so  closely  depend  on 
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the  nature  and  strength  of  the  current  used,  and  the  method  and  're 
quency  of  the  applications. 

Cases  that  injudicious  treatment  might  aggravate  may,  by  the  excr 
cise  of  the  skill  and  caution  that  experience  teach,  be  rapidly  cured. 

The  success  achie%'ed  by  electrization  in  the  treatment  of  neuralgia 
has  been  brilliant  and  remarkable,  and  would  be  sufficient  of  itself  to 
entitle  it  to  a  prominent  and  indispensable  position  among  modern 
remedies*  What  is  more  remarkable  still,  is  that  this  success  has  been 
achieved  by  very  diverse  methods  of  applications,  and  with  imperfect, 
indifferent,  or  incorrect  diagnoses.  All  forms  of  electricity — statical, 
galvanic,  and  faradic — in  all  the  different  methods  and  phases  of  elec- 
trization, general  and  localized,  centrally  and  peripherally,  by  currents;, 
stable,  labile^  continuous,  interrupted,  uniform,  and  increasing* 

The  pain  is  frequently  relieved  in  the  midst  of  the  application  ;  but 
in  such  cases  it  usually  returns  in  the  course  of  a  few  hours,  and  some* 
times  with  heightened  intensity.  Some  cases  of  a  peripheral  character 
are  permanently  dispelled  by  one  or  two  applications. 

Electricity  is  applied  for  neuralgia  in  the  Ibllowing  forms  : — 

General  faradizoiion  and  central  galvanisation. 
Localized  faradization  or  galvanization^  central  or  peripheral^  ^ 
both  combined. 

Galvanization  of  the  cervical  sympathetic. 

Electric  brush. 

Mlectric  moxa. 

Statical  electricity. 

Electric  bands  and  disks. 

The  magnet 

Statical  electricity  works  well  in  neuralgia,  and  excellent  cures  have 
been  performed  by  it^  but  there  is  no  evidence  as  yet  that  it  is  in  any 
respect  superior  to  the  galvanic  current  when  rightly  used. 

Many  of  the  failures  and  disappointments  with  the  use  of  elect rUitj 
in  neuralgia  have  been  due  to  the  mistake  of  treating  constitutional  dis* 
eases  locally^  and  the  central  varieties  peripherally » 

There  is  one  difficulty  in  the  treatment  of  neuralgia  by  electrizationt 
and  that  is  that,  on  account  of  the  intensity  of  the  pain  of  the  disease, 
patients  are  sometimes  unwilling  to  give  the  treatment  a  fair  trial* 
This  difficulty  is  further  increased  by  the  fact  that,  during  or  aAer  the 
first  two  or  three  applications,  the  pain  may  be  temporarily  aggrm^td^ 
especially  if  the  sittings  have  been  long,  or  with  currents  of  too  great 
strength.     For  this  reason  the  ininal  applications  should  be  made  wilh 
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caution,  and  the  operator  should  not  yield  to  the  temptation  to  renew 
tlicm  too  frequently.  Once  a  dav,  or  every  other  day,  k  about  as  often 
as  applications  can  be  made  with  benefit. 

As  before  remarked,  the  methods  of  applying  electricity  must  be 
studiously  adapted  and  varied  to  each  case,  ever  keeping  in  mind  that 
ail  methods  of  using  eUdriciiy  have  been  successful  in  this  disease^  and 
thai  no  one  method  is  uniformly  successful  even  in  the  same  variety^ 

Besides  the  central  and  general  electrization,  which  is  to  be  con 
ducted  on  general  principles,  in  order  to  affect  the  seat  of  the  disease^ 
all  the  varieties  of  neuralgia  may  demand  more  or  less  treatment  in  the 
seat  of  lhe/£im.  For  this  purpose  we  may  use  either  faradic  or  gal- 
vanic currents.  Although  the  faradic  achieves  excellent  results^  yet 
some  of  the  most  striking  results  have  been  obtained  by  the  galvanic. 
It  sometimes  relieves  the  pain  when  the  faradic  only  aggravates  it.^ 
After  the  faradic  current  has  been  tried  a  few  times  without  effect,  we 
should  never  abandon  the  case  without  resorting  to  the  galvanic,  or  the 
two  currents  may  be  Uised  alternately.  As  a  rule,  the  application!! 
should  be  short  and  made  with  a  mild  current ;  but  this  rule  has 
marked  exceptions.  There  appears  to  be  no  special  law  in  regard  to  the 
direction  of  the  current  The  strong  statements  that  have  been  made  in 
regard  to  the  superiority  of  one  or  the  other  pole  in  thiii  disease  are 
not  sustained  by  experience.  Either  the  positive  or  the  negative  pole 
may  be  placed  over  the  painful  points,  while  the  other  pole  is  applied 
near  or  on  the  nerve  centre.  Thus,  in  neuralgia  of  the  arms,  one  pole 
may  be  placed  at  the  cilio-spinal  centre,  and  in  neuralgia  of  the  legs, 
on  the  lumbar  vertebras,  and  the  other  on  the  affected  nerve  (spinal- 
cord  »nerve  current). 

The  electric  maxa  is  sometinies  more  rapidly  efEcacious  in  neuralgia 
than  any  other  method  of  treatment.  It  is,  however,  a  very  painful  pro^ 
cedure,  and  many  patients  will  not  bear  it. 

It  seems  to  act  partly  as  a  counter-irritant.  Meyer  very  strongly 
advocates  the  use  of  electric  moxa  in  neuralgia,  and  sustains  his  position 
by  a  number  of  cases.  Very  few  American  patients  in  the  higher  walks 
of  life  will  bear  this  severe  method  of  using  electricity. 

General  Prognosis, — Take  the  cases  as  they  arise,  without  reference 
to  their  pathology,  duration,  or  situation,  neuralgia  offers  a  very  favor- 
able prognosis.      The  majority  of  cases  will  be  cured  or  permanently 

♦  The  statcmcots  of  Niemeyer  and  others  that  the  faradic  current  never  succcedi 
ill  neuralgia  after  the  galvanic  fails,  is  not  tru^  We  have  j»cen  several  ca.^es  where 
iclicf  was  obtained  h)  faradization  with  Kiddcr*«  contitittous  nuchine,  after  galviai 
lation  had  ^i  least  apparentt;  failed. 
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improved.     Patients  who  have  the  neuralgic  constitution  are  liable  to 
relapse  in  time,  however  successful  the  treatment  mav  have  beea. 

Paroxytmal  attacks  of  a  mast  ttistreinng  general  nttiratgia^  assoeiaieti  with  mem^T' 
rhagia  and  an*ftthitiay  treated  by  gentrat  faraditation — Recovery, 

Case  XXV.— A  laf^y  about  30.  married,  but  childless,  had  suflTcrfd  from  several  mi^ 
carriages,  Riid  bad  been  treated  for  a  long  time  for  ulceration  of  the  neck  of  the  utenis 
that  finally  yielded  to  local  applications.  Up  lo  her  t  wen fy- fifth  year  she  had  enjoyed 
a  good  degree  of  health  ;  but  after  her  first  miscarriage  she  began  to  suffer  from  pro- 
longed meniitruation,  attended  with  an  excessive  Bow.  This  condition  had  existed 
but  a  few  months  when  the  patient  began  to  experience  certain  wandering  pains  over 
the  body,  that  became  more  marked  at  each  return  of  the  caiamenia»  until  the  par 
oxysms  assumed  a  most  distressing  character.  They  were  usually  ushered  in  by  ten- 
derness and  a  sensation  of  oppression  m  the  epigastric  region.  Throughout  the  whole 
attack  the  most  acute  pain  would  be  fek  over  the  stomach,  and  was  attended  by  vomit* 
ing.  Most  of  the  body  was,  however,  to  a  greater  or  le^  extent,  affected  by  the  dis- 
order. The  head  became  tender  to  the  touch,  the  eyes  intolerant  to  ligbt*  and  the 
tongae  and  mucous  surfaces  of  the  cheek  would  be  affected  by  a  very  annoying  acnso.- 
tiofi  of  numbness.  Several  times  a  year  she  was  prostrated  by  symptom?^  thmt  were 
very  sudden  in  Ihcir  onset,  and  exceedingly  alarming  in  character.  The  pul^:,  almost 
without  warning,  would  fall  to  40  or  45  in  the  minute,  and  become  so  feeble  as  to  be 
hardly  perceptible.  The  power  of  articulation  left  her,  the  ansesihesia  of  the  mouth 
and  tongue  became  complete,  and  her  face  assumed  a  deadly  color  and  cotdnessL 
These  attacks  lasted  from  twenty  minutes  to  half  an  hour,  and  w^tre  treated  by  the 
free  use  of  brandy  and  c^rb.  of  ammoniiv  An  application  of  general  farad ijtat ion, 
given  one  evening  during  one  of  her  periodical  monthly  paroxysms,  so  relieved  the 
distress  that  a  quiet  night  was  the  result.  It  may  be  here  st.ited  that  it  was  impossi- 
ble for  the  patient  to  take  opium  in  any  form  with  benefit.  Exceedingly  small  doses 
caused  sJeeptessness  and  the  most  intense  excitement.  Invariably  after  this  we  foonil 
that  a  similar  application  would  greatly  alleviate  the  pain.  The  main  idea,  however, 
was  to  strengthen  the  general  system,  and  so  prevent  these  attacks.  For  thi^  purpose, 
on  every  other  day  she  was  treated  thoroughly  by  general  faradization,  and  it  was  not 
long  before  its  good  effects  were  manif^^t.  In  the  course  of  a  few  weeks  her  power* 
of  endurance  had  increased  considerably ;  and  when  the  menses  appeared  they  were 
of  shorter  duration,  and  attended  with  a  much  less  loss  of  blood  than  before,  Tbe 
neuralgic  pains  were  incomparably  less  severe,  and  she  rallietl  to  her  usual  condition 
immediately.  After  remaining  under  treatment  several  months  she  was  discharged  ai 
cured.  Five  years  have  elapsed  since  treatment  was  discontinued,  but  she  has  never 
suffered  since  from  those  occasionsil  attacks  of  which  mention  was  made.  Her  men* 
ses  continue  regular  and  normal  i  and  it  is  only  after  great  provoc&tioci  that  she  evei 
experiences  paroxysms  like  those  of  formci'  days. 

Intercostal  neuralgia  0/ a  matariat  origin — Recovery  under  general  faradimti^^ 

and  quinine. 

Case  XX  VT  .— A  yowng  man,  who  had  been  exposed  to  the  hardships  and  dangers  of 
a  frontier  life,  was  suffering  from  distressing  pains  that  were  confinetl  mainly  to  the 
thoracic  region  on  either  side.     Several  months  before  we  saw  him,  he  was  prostrated 
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by  tn  attack  of  btcrmiUent  fever  that  recurred  several  times  after  being  aj^rciitly 
«a!xiued. 

One  of  the  paroxysms  was  followed  by  what  his  attfndant  called  **brgio  ague*^^- 
a  term  not  tinfamiliar  some  years  ago  to  the  residents  of  maJarial  districts. 

It  was  characterized  by  aliarp  ahootitig  pains  all  over  the  head  and  face,  affecting^ 
however,  especially  the  Torchead  and  eyes.  The  neuralgic  symptoms  soon  abandoned 
these  partSy  but  In  a  few  days  manifested  themselves  by  an  unusually  severe  paroxysm 
tn  the  chest  and  side.  For  a  number  of  months  before  he  fell  under  our  notice,  at- 
tacks of  intercostal  neuralgia  occttrred  at  intervals  of  two  or  three  days. 

The  patient  expcricnocd  no  distinct  chills  or  marke^l  febrile  excitement^  but  the 
neuralgia  was  almost  invariably  ushered  in  by  a  creeping  sensation  of  cold  down  the 
back  and  limbs.  The  exciting  cause  was  undoubtedly  a  malarial  poison.  The  diag* 
oosis  of  neuralgia  was  unmistakably  confirmed  by  the  presence  of  that  almost  pathog- 
nomonic  sj-mptoro,  namely,  pain  on  pressure  over  the  spinous  process  of  one  of  the  last 
dor^  vertebrse.  A  gradual  improvement  took  place  under  frequent  general  appUca- 
*lons  of  the  farad ic  current.  Quinine  was  administered  at  the  same  lime,  so  that  vrt 
cannot  state  in  positive  terms  the  exact  amount  of  credit  due  electrization.  It  must 
be  remembered,  however,  that  quinine  had  been  taken  for  some  time  previously,  and 
was  followed  by  no  very  marked  results.  The  first  application,  admini5^tcred  during  a 
paroxysm  of  ordinary  severityt  was  followed  by  a  very  grateful  amelioration  of  the 
pain,  and  b  all  subsequent  attacks  the  same  result  followed. 

Ten  applications  served  to  break  the  periodicity  of  the  attacks,  and  to  place  him  on 
a  plane  so  little  below  the  nonnal,  that  it  could  be  fairly  said  of  him  tliat  he  was 
approximately  cured. 

Imtereastat  neuralgia,  reitiliing  from  expiksure  t9  eamp  life — Spinal  Irritation — 
Debiliiy — Rapid  impnyvemtnt  and  recouiry  under  general  faradisatian. 


C.vsE  XXVIL — L,  C,  aged  28,  served  in  a  Nevada  regiment  for  three  years  during 
the  war.  After  his  discharge,  in  the  fall  of  1865,  he  was  taken  with  acute  articular 
rhetsinalism,  which  confined  him  to  a  ho^^pital  during  the  whole  winter.  The  spring 
found  him  much  better,  and  in  a  few  months  ihtre  sccoied  to  be  no  vestige  of  the  rheu- 
matism remaining.  His  health  remained  delicate.  In  July,  1S66,  he  was  taken  with 
severe  pains  in  the  back  and  side.  He  was  treated  by  localized  faradization  a  few 
times,  but  with  no  appreciable  benefit.  The  neuralgia  increased  in  severity,  locating 
itself  between  the  ribs.  In  January,  1S67,  he  applietl  to  us  for  treatment.  He  was 
then  extremely  weak,  and  presented  a  remarkably  anaemic  appearance.  There  was 
very  ^rcat  hypenesthcsia  over  the  peripheral  expansion  of  the  affected  nerves.  Slight 
Irritfltton  by  the  finger-nail,  or  moderate  pressure  by  the  hand,  was  sufficient  to  cause 
considerable  pain.  On  account  of  his  extreme  sensibility  he  was  obliged  to  substitute 
for  the  coarse  red  flannel  which  he  had  been  accustom ed  to  wear,  an  undershirt  of 
finer  texture.  Pressure  made  upon  the  first  spinous  processes  of  the  dorsal  vertebrae 
caused  no  unea^ness,  but  when  the  sixth  and  seventh  processes  were  firmly  pressed, 
tlie  patient  loudly  complained.  We  gave  him  a  general  application,  as  is  our  custom 
in  wch  cases.  The  whole  system  was  brought  powerfully  under  the  influence  of  tbt 
faridk  cunent.  The  application  at  once  relieved  him,  and  in  three  days  he  wai 
directed  to  come  again.  During  that  time  he  suffered  much  less  than  usu.at ;  Ms  ap> 
petite  had  improved,  and  for  the  first  thirty-alx  hoi  rs  he  was  much  invigorated^      He 
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mited  as  for  one  inoath,  durbg  which  time  he  received  (en  general  appUcatiofUw    Tht 

improvement  was  uninterrupied  from  the  beginning. 

After  the  fourth  application  he  suffered  no  more  from  the  neitralgta.  The  color 
returned  to  hh  cheek  ;  hh  appetite  became  more  vigorous  from  week  to  week,  And 
when  he  discontinued  LreaLment,  we  regaided  him  as  comparatively  well 

Thi«  case  called  for  a  powerful  constimtional  tonic.  Hardships  in 
the  army  and  previous  disease  had  reduced  his  stock  of  vitality  to  such 
a  degree  that  our  orditiary  internal  tonics  failed  to  produce  their  accus- 
tomed  results^  His  nervous  system  had  been  so  shaken,  and  all  his 
functions  so  disturbed,  that  he  could  not  assimilate  the  iron  and  bitters 
that  were  so  much  needed^  It  is  in  such  cases  that  general  faradiia- 
tion  achieves  most  satisfactory  results. 

Centra/  Neuralgia, — Under  this  head  we  include  those  cases  of 
neuralgic  pain  that  certainly  depend  on  pathological  lesions  of  the 
central  nerv^ous  system. 

The  neuralgic  pains  of  locomotor  ataxia  belong  to  this  class, 
Those  who  with  Dr.  Anstie  regard  neuralgia  as  a  distinct  disease,  de- 
pendent on  atrophy  of  the  roots  of  the  nerves,  do  not  regard  these  pains 
as  really  neuralgic.  Under  this  class  also  come  certain  varieties  of 
headache  and  cervical  neuralgisu 

CtpJmlalgta  (^^^^f>4^).— Headache  should  be  treated  by  general  or 
localized  eleclrization,  according  to  the  indications  of  each  case.  Dry 
faradization  with  the  hand  is  used  successfully*  Stable  galvanizatior* 
or  faradization,  uniform  or  increasing,  may  be  employed.  Labile  ap- 
plicalions  with  the  moistened  hand  are  sometimes  of  service.  General 
faradization  is  more  effective  than  localized,  for  the  reason  that  in  so 
large  a  proportion  of  cases  the  pain  in  the  head  is  so  very  frequently 
^iptomatic  of  disease  of  other  parts  of  the  body,  the  precipe  nature 
and  locality  of  which  we  cannot  possibly  detect.  Central  galvanization 
is  sometimes  more  efficacious  than  any  other  method.  Relief  not  un- 
frequently  follows  galvanization  or  faradization  of  the  stomach,  or 
bowels,  or  spine,  or  galvanization  of  the  sympathetic,  even  when  the 
head  is  not  touched,  ApplUatwns  te  th*  back  of  the  neck  are  samitim^t 
more  efficacious  than  direct  applications  to  the  head. 

Prognosis, — Although  headache  in  this  country  is  even  a  more 
frequent  symptom  than  dyspepsia,  yet  patients  do  not  usually  apply  for 
treatment  for  this  S3rmptom  alone,  but  only  when  it  is  associated  with 
more  special  and  distinct  affections.  The  immediate  effects  of  electrifa* 
tion  in  headache  are  as  variable  as  the  pathology  of  the  symptoms.  It 
sometimes  relieves,  sometimes  aggravates,  and  sometimes  gives  only 
negative  results.     Sometimes  the  pain  is  relieved  in  the  niidst  of  tbie 
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Bitting ;  more  frequently  the  relief  does  not  appear  for  several  hours. 
There  is  no  reason  to  be  discouraged  because  immediate  relief  is  nol 
obtained.  In  very  many  of  our  cases  of  dyspepsia,  of  anaemia,  chlorosis, 
nervous  exhaustion,  paralysis,  headache  is  a  more  or  less  constant 
symptom,  from  which  during  the  treatment  they  usually  obtain  either 
relief  or  cure.     In  rare  cases  all  other  symptoms  yield  but  this. 

In  many  of  the  cases  of  dyspepsia,  neurasthenia,  aniEmia,  and  hys- 
teria, headache  was  a  prominent  symptom,  which  was  not  only  tem- 
ix>rarily  but  permanently  relieved  by  the  treatment.  If  we  were  to  judge 
from  our  own  observations,  electrical  treatment  is  even  more  efticacious 
io  prci'€ni  attacks  of  headache,  by  improving  the  tone  of  the  system, 
than  to  dissipate  the  pain  after  it  has  once  set  in. 

The  A/aj^nf/.—The  therapeutical  results  that  have  been  obtained  by 
the  magnet  in  the  treatment  of  headache  are  not  sufficiently  eilcourag* 
ing  to  entitle  it  to  special  notice.  Something  has  been  claimed  for  it, 
but,  as  a  nile,  it  has  been  found  that  it  is  necessary  that  the  patient 
should  be  of  a  peculiarly  impressible  organization,  in  order  to  be  in  the 
slightest  degree  affected  by  it.* 


I 


Frequtnt  and  sn*tre  headachei  in  a  f^irl  of  fiftun  since  the  age  of  four — Appr^xi 
mate  recovery  under  a  matUk  cf  central  gatvanitathn — Subsequent  rttapse^ 

Case  XX.VIII. — Miss  C,  aged  15,  consulted  m  at  the  suggestion  of  her  physician, 
Dr.  Everett  Merrick,  The  paiicnt  was  small  of  her  age  and  metistruated  first  at  the 
age  of  eleveru  In  regard  to  hereflitary  induences  it  may  be  snid  that  her  father  had 
for  many  years  suffer ctl  from  periodical  attacks  of  headache,  and  that  her  aunts;, 
sisters  of  her  father^  had  also  menstruated  at  alxjut  the  same  early  a^je  as  the  patient 
herself.  The  foIJowing^  were  the  symptoms  for  which  relief  was  sought ;  Since  the 
ftgeof  four  she  had  sttfiTere*:!  intensely  from  headaches  associated  w^th  vomiting,  which 
Utterly  had  incrca**ci:l  in  frequency  until  four  out  of  the  seven  days  of  the  week  was 
the  ordinary  ratio  of  the  skk  days  to  the  well  days.  It  may  be  remarked,  however,  that 
at  no  time  was  she  entirely  free  from  pain.  The  general  health  and  strength  of  the 
paitient  was  fair  ;  but  the  circulation  was  feeble  and  the  appetite  not  very  good.  Cen- 
tral treatment  being  indicatefl,  we  began  the  use  of  this  method  by  the  application  of 
the  galvanic  current  from  four  ordinary  linc^carbon  cells,  and  during  the  treatment, 
consisting  of  seventeen  seances,  and  extending  from  May  10th  to  June  l6th,  we  grad- 
ually increased  the  numl>cr  of  cells  to  eight.  It  was  observed  that  the  attacks  greatly 
decreased  in  frequency  and  screrity,  and  when  she  left  the  city  for  the  annual  summei 
vac?.tion  she  was  Ijut  little  annoyed  by  her  old  enemy.  We  learned  incidentally  tliat 
suhiequently  the  patient  relapsed. 

•  Tripier  (Ann ales  de  T  Elcctroth^rapie,  l»63)  presents  a  r^sum*  of  some  not 
fery  convincing  expeAments  of  TAbbi?  Le  Noble  in  the  treatment  by  the  magnet  of 
headache  and  other  nervous  aflfections.  The  experiments  were  recorded  by  Andr^ 
ind  Thotivet,  in  *'  M^nioire  sur  Ic  Magnet  jsme  Medicinal"    Porti^  17S3. 
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imieme  and  dtep-seatid  ctphalaigia — P^rmantiU  nlUf  f&Umm  untrai  gahanitm* 

Case  XXIX. — A  paiient  from  wliorn  a  large  fibrous  tumor  of  the  uterus  had  been 
lemoved  several  months  before  slie  fell  under  our  obscrvfltion,  complained  of  &ucli 
constant  and  severe  neuralgic  pains,  which  seemed  seated  in  the  cenlre  of  the  brain, 
ihat  at  limes  she  almost  lost  control  of  herself  both  physically  and  mentally,  Neur&lgia 
had  been  a  s^ymptom  from  which  she  had  suffered  more  or  less  for  years*  but  far  icM 
ajcute  in  degree  than  after  the  o|Xfraiion  mentioned.  From  March  12th  to  JOtk, 
1872,  central  galvanization  was  applied  on  five  occasions  and  with  excellent  results. 
The  pains,  although  not  entirety  dissipated^  became  far  less  digressing  in  character, 
and  ceased  altogether  to  exert  any  mental  uiAuence. 

Throat  dysasthtsia^  nssociattd  with  tevert  cephalalgia  (*/  twenty y fori*  siamJing-^ 
Decided  relief  under  central  galvantiation. 

Cask  XXX, — ^Mrs,  T.>  who  was  directed  to  us  by  Dr.  C,  R.  Agnew,  bad  for  ao 
years  suffered  from  an  almost  constant  and  painful  heaviness  about  the  head  and  eyelids^ 
Assoc'iate^l  with  this  symptom  were  frec|uent  periodical  attacks  of  the  most  intenae 
cephalalgia.  For  the  last  few  years  the  patient  had  complained  of  a  local  neuralgia  of 
^mewhaC  rare  occurrence,  noticed  by  Hanfield  Jones  as  **  throat  dj'saesthcsia.'* 
Dysipliagia  was  present,  with  a  sense  of  impending  sulTbcation^  with  heat  and  dr>-aes«L 
Inspection  revealed  no  inflammation  su^cicnt  to  account  for  the  distress. 

The  treatment  consisted  of  some  25  applications,  almost  wholly  by  the  method  of  " 
central  galvanization,  and  with  most  decidetlly  beneficial  results.     The  heaviness  of 
the  head  and  eyes  was  much  relieved,  and  the  cephalalgia  occurred  at  far  greater  in- 
tervals and  with  less  severity. 

The  throat  difficulty  yielded  more  readily  and  completely  than  the  other  symptoms* 

It  was  a  noticeable  fact  in  the  history  of  the  treatment  of  the  above 
case  that  at  the  outset  a  mild  current  of  say  from  five  cells,  when 
applied  to  the  eyes,  while  it  was  not  unpleasant  and  produced  no  aggra- 
vation of  jjain,  signally  failed  to  relieve, 

A  current  from  three  cells  was  invariably  followed  by  imntediate 
alleviation  of  pain. 

Persiitent  and  eanstani  cephalalgia  tff  hng  standing — Amtttk^na  of  kemd—Ws 

relief. 

Case  XX XL— Mr.    R,,  a  clerk  aged  22,  w^as  referred  to  us  April  jj,  1869^  by 

Dr.  Hallel,  of  Brooklyn.  The  yonn^  nuan  bad  been  many  months  a  i^uSerer  from  per- 
sistent pain  through  the  head,  in  all  parts  of  it,  even  to  the  back  of  the  neck.  Trej.C* 
mcnt  had  been  of  no  avail.  His  constitution  was  of  the  nervous  variety,  and  HU 
lymptom  was  aggravated  by  his  seJentary  mode  of  life,  attd  by  a.ny  sustained  mcBtal 
effort, 

£  Metric  examination  with  both  galvanic  and  faradic  currents  demonstrated  a  very 
unusual  luck  tif  leniititfcm'ss  ta  the  current  on  at  I  parti  of  the  htad^  which  in  hcmltll 
can  be;\r  only  very  j^ntle  current*^     All  the  modificatiofis  of  dectriuUon  were  tm* 
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ployed  for  rotir  weeks,  witlunitt  makiag  the  Teehlest  impression  on  the  symptoms^  Nc 
temporary  relief  couM  be  obtained  either  during  or  after  the  stance.  The  mo^it  un« 
iI3IUl1  fact  of  all  was,  that  the  pain  could  not  he  temporarily  aggravated  or  changed 
hi  its  character,  even  by  powerful  and  somewhat  prolonged  galvaniEation.  The  fail 
ure  was  complete ;  after  four  weeks^  treatment  the  patient  was  dismissed,  no  better 
and  no  won>e  than  at  the  outset  of  the  treatment. 

The  patient  a  few  years  subsequently  committed  suicide,  being  driven 
to  the  desperate  act  by  constant  and  unrelieved  pain. 

A  careful  post-mortem  examination  made  by  Dr.  A.  B,  Crosby^  in  the 
presence  of  Drs.  E.  S.  Btmker,  S.  G.  Aniior  and  ourselves,  revealed  no 
pathological  lesion  that  would  satisfactorily  account  for  the  symptoms 
during  life. 

Sitk-heatLirhe  {Migraine).~T\\e  results  of  our  treatment  of  sick- 
headache  by  electricity  have  not  been  quite  consistent.  In  some  cases 
the  relief  has  immediately  followed  treatment ;  in  other  cases  some 
time  after  treatment ;  in  still  other  cases  there  has  been  no  relief,  tern* 
porarj'  or  permanent. 

Sick-headache —  V&miting — No  re  tie/  from  faraditati^n^ 

Case  XXXIL^-In  the  case  of  a  young  lady,  Ihe  onset  of  the  pain  is  very  peculiar. 
Without  the  slightest  warning,  when  at  church  or  walking,  at  the  piano  or  engagedll 
in  household  duties,  her  vision  will  become  blurrctl.  Objects  before  her  seem  lo 
dance  about  in  every  direction^  and  she  is  unable  to  recognize  familiar  faces.  No 
barometer  is  so  accurate  in  indicating  storms  as  are  these  nervous  symptoms  in  fore- 
telling the  commoliou  about  to  take  place  in  her  system.  Soon  the  blur  before  the 
eyes  pariialiy  disappears,  and  a  most  ragitig  headache  sets  in.  The  arteries  in  the 
temples  swell,  and  pulsate  with  great  rapidity  and  force.  Sharp  lancinating  pains 
dart  all  over  the  head  ami  ihrnugh  the  eyes.  As  a  rule,  vomiting  of  a  gru  mo  us -look- 
ing liquid,  mixed  with  bile^  accompanies  the  oilier  symptoms.  After  lasting  from  12 
to  24  hours,  the  severity  of  the  attack  abates,  leaving  her  in  a  somewhat  debilitated 
state,  from  which  she  si>on  recovers.  Electrical  ion  failed  to  give  any  relief.  Bromide 
of  potassium  is  the  only  remedy  that  has  any  effect  whatever.  Given  in  doses  of  20 
grs,  as  soon  as  the  eyes  become  blurrefl,  it  will  frequently  lessin  the  severity  of  the 
pain  in  the  head. 

In  the  case  of  a  sister  of  thi  above  the  hemlache  is  preceded  by  no  blurring  of  the 
eyes,  but  is  accompanied  by  an  excessive  and  distressing  sense  of  tiervousness^  causing 
the  patient  to  throw  her  Hmbs  and  body  about,  and  to  **  feci/*  to  use  her  own  expres- 
sion, *•  as  if  she  would  fly."  A  number  of  applicaliona  of  the  faradic  current  enabled 
her  to  overcome  ihis  feeling  of  nervousness,  and  thus  relieved  her  of  one^  very  annoy- 
ing symptom  of  her  disorder.  Generally,  though  not  always,  m  the  cases  just  related, 
ihcse  attacks  of  sick-headache  occur  just  before  or  during  the  menstrual  period,  and 
so  would  seem  to  be  bfluenced  in  some  measure  by  this  function. 

The  true  principle  of  treatment  is  to  tone  up  the  system  by  a  perse- 
i^ering  use  of  general  faradization  and  central  galvanization,  with  other 
28 
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tonics^  so  that  the  paroxysms  may  be  less  frequent  and  less  severe;  m 
other  words,  to  combat  the  nervous  diaiAesis  o(  which  the  sick-headacbe 
is  hut  a  symptom. 

The  following  case  illustrates  the  advantage  of  carrying  out  iMs  prin- 
ciple  of  treatment. 

Migraim  of  seviral  ytari  Handing  in  n  lady  of  a  Xftryntrvout  ifm^ameni^Vrj 
great  and  permanent  imprtwemeni  under  central  gafvamtati^n. 

Case  XXXIII. — Mrs.  K.,  a  young  married  lady,  daughter  of  a  physiciAa.  uris  of  i 
specially  nervous  organkatlon  by  Inhentance,  and  had  suffered  from  oetirasihein^ 
spinal  irritation,  and  especially  frora  frequent  attacks  of  migraine.  Wetreilodkn 
during  the  intervals  of  her  atta:ks  for  twelve  times  by  central  galvanizatiaa.  Ttot 
was  immediate  improvement ;  the  attacks  became  less  frequent  and  \k»  severe.  Tte 
improvement  advanced  after  trealmeot  ^as  discontinued,  until  shevrasjdinotttcatBdly 
free  from  migraine. 

FACIAL     NEURALGIA— (EPILEPTIFORM     NEURALGIA— FOTHERCttt'S   DIS» 

EASE — ^TIC   douloureux). 

Facial  neuralgia  appears  under  two  forms.  The  mild  fonn  is  ustianT 
of  a  peripheral  character,  being  caused  by  neuritis,  pressure  from  eli- 
sion, or  decayed  teeth.  This  form  usually  yields  readily  and  surely  to 
electrization.  The  severe  form,  to  which  Trousseau  has  given  the  name 
epileptiform  neuralgia,  is  probably  of  a  central  character^  being  caoiod 
by  a  variety  of  pathological  conditions  of  the  brain. 

The  symptoms  of  this  form  of  facial  neuralgia  are  the  spasmodical  and 
very  intense  character  of  the  pain  in  the  course  of  some  of  the  branches 
of  the  fifth  pair.  The  spasms  are  of  very  short  duration — ^ten  to  tfty  of 
sixty  seconds — and  may  be  accompanied  by  convulsive  action  of  the 
muscles.  The  attack  may  be  brought  on  by  any  exercise  of  the  jiwK 
as  chewing,  reading,  eating,  or  talking.  The  pain  is  so  great  as  to  cause 
the  patient  to  slap  his  face,  or  frantically  rub  the  spot  over  the  seit  of 
tlie  pain.  Sometimes  patients  who  have  great  self-control  stamp  nolcnilf  [ 
on  tne  floor,  jump  up  if  they  chance  to  be  sitting,  pace  the  room,  anJ  | 
utter  piercing  cries. 

Thi?  terrible  disease  has  usually  been  regarded  as  almost  incur 
and  is  so  pronoimced  by  Trousseau,  who  has  graphically  clcsoibed  19 
symptoms.*    Section  of  the  nerve,  of  which  so  much  was  once 
pected,  is  now  but  seldom  used,  and  permanently  succeeds  only  ia 
ceptional  cases. 

By  a  judicious  and  varied  use  of  peripheral  faradizatioii  or  gal« 

♦  Sec  Kb  Lectures,  Ba^ire's  TrAQslatioiit  port  I*  pt  105. 
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tioD«  or  by  the  eleclctc  moxa,  or  by  galvanization  of  the  brain  or  cervi 
cal  sympathetic,  a  ceitain  portion  of  these  terrible  cases  can  be  relieved 
or  cured.  Our  experience  does  not  yet  enable  as  to  say  what  propor- 
tion the  failures  will  bear  to  the  successes ;  but  if  one  case  out  of  ten  can 
be  relieved  or  cured,  it  is  justifiable  to  try  electricity  in  all,  since  most 
other  modes  of  treatment  offer  no  hope. 

We  present  t)^}ical  examples  of  both  failure  and  success  in  the  elec- 
trical treatment  of  this  disease. 


M^l^^i/arm  muralgia  of  left  sidt  of  face,  of  im&  years*  standings  trtattd  wUk 
&ut  btnefii  by  varwus  nuthodi  of  tlectrimiion. 

Cask  XXXIV.— Mr.  P.,  aged  —^  was  sent  to  us^  November^  1S69,  by  Dr.  Willard 
PmrkeTf  with  typical  symptoms  of  epileptiform  neuralgia.  The  patient,  though  a  Dian 
©f  mild  teraperament,  stamped  furiously  on  the  floor,  even  while  telling  us  his  history. 
The  spttuns  of  pain  appeared  in  one  sjiot,  in  the  course  of  the  lower  branch  of  the 
frifadaL  The  general  health  of  the  patient  was  Eot  greatly  impairetl,  although  be 
had  suffcfe<l  for  two  years- 

Wc  trieti,  in  succession,  all  means  of  electrical  treatment^  with  both  currents.  At 
cme  time  loroc  temporary  benefit  appeared  to  have  been  derived ;  it  was,  however,  of 
fbort  dtiration,  and  the  paroxysms  returned  in  full  force* 

After  ten  applications  the  patient  abandoned  treatment,  utterly  disheartened. 

In  the  above  case  we  made  the  applications  twice  a  day,  as  the 
patient  could  stay  but  a  short  time  in  town.  It  is  possible  that  better 
results  would  have  followed  if  a  longer  interval  had  been  allowed, 

Wc  now  turn  to  the  pleasant er  side  of  the  picture, 

MfiUfiifrntn    ruuraigia  of  two  year/  standing — Improvement  under  hcalued 
faraditatioH  ;  temporary  aggravation  by  galvanization^ 

Cass  XXXV. — Mr.  M.,  agei  65,  of  extraordinary  vigor  of  constitution  and  per- 
fectly temperate  in  every  habU<  slated  that  s«3me  two  years  since,  in  the  year  lS65^  he 
firit  noticed  a  sJight  pricking  jensatlon  under  the  lobe  of  the  left  ear. 

For  one  year  this  fecUng  fjccurred  only  occasionally,  and  annoyetl  him  but  little. 
Ac  the  expiration  of  this  time  the  attacks  became  more  frequent,  were  considerably 
proloogied,  and  produced  actual  pam. 

It  waa  a  angular  feature  associated  with  his  condition,  that  exposure  to  the  sun^i 
rays  for  a  few  moments  would  invariably  occasion  an  attack  of  pain.  About  this 
time  the  loss  of  a  large  amount  of  money  was  a  cause  to  him  of  great  anxiety  ol 
miodt  and  evidently  aided  in  aggravating  his  disorder.  The  paroxysms  of  pam  in- 
cfcased  in  frequency  and  severity,  until  it  was  his  sorrow  to  suffer  the  greater  part  of 
every  day  from  the  excruciating  torture  of  the  worst  form  of  facial  neuralgia.  At 
night  he  suffered  but  Little,  but  with  the  rising  of  the  sun  his  distress  began.  The 
instant  he  opened  his  mouth  to  speak,  darting  pains  would  shoot  over  every  poitioii 
of  his  Cftce^  followed  by  a  profuse  flow  of  saliva. 

The  act  of  eating  was  attended  with  even  greater  suflferingp  and  frequently  hi 
would  continue  hungry  for  hours  rather  than  make  the  attempt. 
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For  two  years  he  suffered  in  this  msmner,  without  bdng  able  to  obtain  more  tlm 
■light  temporary  relief.  Upon  applying  to  us  we  immediately  localiicd  ao  eiceed* 
tngly  mild  and  fine  faradic  current  through  the  difterent  ramUicatk»R&  of  like  U^ 
pair,  with  immeJiale  l^neficial  eflfect.  The  pain  from  which  he  was  thai  aSctiag 
was  subdued,  and  during  the  two  succeeding  days  paroxysms  of  pain  were  much  lof 
readily  excited  than  usual,  A  second  application  resulted  in  still  ftinhef  improft* 
ment ;  but  at  the  third  vtstt,  hopbg  to  accelerate  the  cure,  we  made  use  of  a  mild 
galvanic  current  from  six  of  B unseats  cells. 

The  effect  was  most  disastrous.  The  neuralgic  attacks  retunied  with  more  llaa 
ordinary  severity,  and  gave  the  patient  no  rest  until  we  saw  htm  agaia  the  ncit  day. 
An  npplicalion  of  the  faradic  current  again  relieved  the  pain  as  cflfcctuaJly  as  befaft 

From  this  time  onward,  under  the  exclusive  use  of  the  faradic  current,  the  iis- 
provement  was  uninterrupted,  until,  after  remaining  under  treatment  six  lAcekn  *^ 
receiving  eighteen  applications,  Jie  was  discharged  approximately  cored.  Ooc»» 
sionally,  after  a  long  conversation,  he  feels  something  like  a  twinge  of  the  old  plii^ 
but  it  is  so  slight  as  to  give  him  Little  annoyance. 

^ewaigia  of  the  superior  ititucillary  and  ophthalmic  branches  of  the  fifth  pur,  /v 
lijwed  by  sfrabLmits  convergent  and  projection  of  t/ie  eyeballs — Treatment  tf  kii' 
$Medfaradisaii^n — Kecavery^ 

Case  XXX  VI, — In  September,  18^7,  the  following  quite  novel  case  fell  under  o^* 
observation.  The  patient  was  amirrie<llady  (aged  35),  who  stated  that  in  Julf,  iS66, 
^c  was  taken  suddenly,  dunng  the  night,  wilh  severe  neuralgic  pain  in  the  rig^t  ** 
of  the  face,  along  the  course  of  the  suj^rior  maxillary  division  of  the  fifth  pair  !!iii«^ 
the  first  attack  the  pain  had  been  almost  constant,  and  frequently  occurred  tn  ^9^ 
longed  and  acute  paroxysms.  Before  the  disease  manifested  itself,  she  was  of  a  ft** 
and  stout  habit,  and  had  enjoyctl  good  UeaUh.  Her  sufferings,  however,  madeibi* 
ing  inroads  upon  her  general  constitution.  When  we  first  saw  her  she  w^  a&vloB4 
5'ail  and  aiuiemic. 

She  Mas  able  to  take  but  little  exercise,  and  her  appetite  was  poor  and  cspfido* 
In  April,  1S68,  the  ophthalmic  branch  l>ecame  affected,  and  the  pain  changed  its  Itfb 
coursing  along  this  nerve  and  seeming  to  spend  itself  behind  the  eyehalR  Sirabisunl 
convergent  followed  almost  immediately,  and  the  eyeballs  rapidly  p^ojcci^i,  oati' 
assumed  most  unsightly  proportions.  She  had  been  untiring  in  her  seardi  for 
but  finally  became  deprived  of  hope  of  any  amelioration  of  her  S)'mptonis,  who 
use  of  electricity  was  suggested.  We  made  an  extremely  mild  application  of  afcrtfe 
current,  and  succeeded  to  a  considerable  extent  In  dissipating  the  paroxiri«n  hoa 
which  she  was  then  suffering. 

During  the  two  days  that  intervened  before  the  second  vi-dt,  she  suffered,  twt  Mt 
so  severely  as  before.  When  she  presented  herself  for  the  third  application,  shebii 
an  encouraging  account  to  give.  For  three  nights  she  had  experieucei  absolutely  •» 
pain,  and  both  the  strabismus  and  the  projection  of  the  eyeballs  were  ma:mally  le^ 
sened.  She  continued  to  progress  towards  recovery  during  the  succeedm(*  Sf 
weeks,  until  her  neuralgia  was  entirely  overcome,  wilh  the  exception  of  a  vlighi  tc 
naUiral  prominence  of  the  eyeballs  The  eyes  were  restored  to  their  txttmal  a^pcv 
ance  and  position. 
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l^tttrat^ia  ef  the  kead^  OitcompQmed  by  impair mtnt  of  sigki  attd  vtrtigo^  in  a  ladf 
aged  70. —  Trtdlment  fy  locaiited  fara4ita(i&n, — Appr§ximaU  rcan/fry^ 

Cask  XXXVI  I.— An  aged  lady,  bciwccn  70  ami  So  years  of  age,  applied  to  us  on 
one  (M:ca2iion,  by  direction  of  Dr.  D,  B.  St.  John  Koo^a,  fur  the  relief  of  n  most 
ajf^mxing  dhtress  in  the  head. 

The  pains  were  evidently  neuralgic  in  character.     They  darted  over  the  head  in 

■11  (directions,  from  ihe  forehead  to  ihe  occiput,  but  were  most  severe  immetliately 

behind  and  above  the  ears.     The  eyelids  were  aflTectcd  to  a  considerable  extent, 

ietming  coostriclec]  and  heavy;  and  somelimes,  during  a  paroxysm  of  more  than 

orrfiiury  in  I  entity,  the  sight  would  be  much  impaired  for  hours.     When  the  severity 

o'^  the  Attack  had  at>atef1,  she  would  be  annoyed  by  a  persistent  dizziness,  so  that  she 

cou/d     with  dilificuity  stand   erect.     Previous  to  this  attack  in  the  head,  slie  had 

•oflferod  from  similar  pains  thai  extended  up  the  arm  to  the  breaiit. 

A  gentle  application  of  the  faradic  current  to  the  head,  during  a  most  severe 
paroxysm^  greatly  relieved  her. 

Not  only  was  the  pain  entirely  di«^pated,  and  the  conslricfion  and  heaviness  of 
the  ^y«^  removed,  but  for  many  hours  after  she  was  entirely  free  from  vertigo, 

1  H«  appticatlons  were  continued  at  intervals  of  several  days,  for  a  number  of 
l^nies^  and  accomplished  an  approximate  cure.  Occasionally  she  suHcrs  from  a  return 
of  the  paroxysms;  but  they  are  of  a  much  less  severe  character  than  formerly,  and 
wf«  at  <j|ice  dissipated  by  the  current. 

^^^^^M.X  Hiuralgia  0/ teiffrai years*  standiMg  »U€€tss fully  trtaiid  by  locaiiud far€tdU 

taiioK^ 

C^SK  XXXVIII.— Mrs.  S  ,  a  patient  of  Dr.  J,  O,  Firringtoii,  aged  65,  had  for  a 
numt^^y  of  years  been  a  great  sufTerer  from  a  most  acute  form  of  neuralgia  of  the  face, 
"«4ti^j^l]y  associated  with  vertigo  and  nausea.  The  point  from  which  the  pains  radi- 
»l«til  ^,^,j  darted  in  all  directions,  10  the  temple,  the  car,  and  even  down  to  the  neck, 
^**  5iituated  close  up  to  the  right  ala  of  the  nose, 

^  *^«  patient  would  occasionally  remain  a  number  of  weeks  comparatively  comforl- 
%  l>ut  as  a  rule  not  more  than  a  few  days  uitcrvened  between  the  attacks. 
^  **iild  faradic  current  was  applied  through  the  fingers  of  the  o|)crator  during  it 
^/***  of  great  distress.  This  not  only  alleviated  the  pain  for  the  time  being,  but 
^^^g  tKe  two  succeeding  days,  after  which  she  presented  herself  again  for  treatment , 
"^  '"elief  continuefl  complete. 

^  ^*  intcTvaU  the  patient  was  treated  in  this  way  for  about  two  months.  She  bad 
^■^ts  lime  but  one  or  two  attacks,  slighter  than  usual.  She  discontinued  treatnicnl, 
"^^  diirifig  Ihe  following  summer  was  entirely  free  from  them.  In  the  fall  she  began 
^*«lflcr  again,  and  submitted  some  half  a  dozen  times  to  the  old  method  of  trcat- 
^^ril,  aj)d  to  the  date  of  writing,  ux  months  subsequently,  she  has  remained  free 
^^  the  attacks. 

It  is  worthy  of  remark  that  in  this  case  the  galvanic  current,  howevei 
Ifitidly  applied^  seemed  only  to  aggravate  the  paroxysms. 

Peripheral  JVeura/gia.—Ncnnih^  neuroma,  the  continued  action  of 
cold  or  wind,  wounds^  or  other  injuries  of  the  nerve — all  these  may  give 
fise  to  the  i^eripheral  form  of  neuralgia.     Neuritis,  or  rather  inBammatioa 
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of  the  netirilemmia^  must  be  regarded  as  one  of  the  most  fret|ueLl  i 
of  peripheral  neuralgia,  and  this  inflammatory  condition  may  dep 
upon  some  form  of  mechanical  irritation,  as  long  continued  pressure  ( 
the  child's  head  in  labor  on  the  sciatic  plexus,  or  by  the  concentmtcd  | 
son  of  gout,  rheumatism,  malaria,  or  syphilis,  acting  locally,     Itnuy,( 
4:ourse,  be  conceded  to  the  advocates  of  the  purely  central  theory  of  i 
ralgia  that  there  may  be  a  constitutional  predisposition  to  neuralgia,  buC, 
on  the  other  hand,  it  must  also  be  conceded  that,  in  many  cases  at  I 
some  exciting  cause,  acting  on  the  periphery,  is  necessary  to  develop! 

7yeatmen(* — The  treatment  of  peripheral  neuralgia  should  obfio 
be  of  a  peripheral  character ;  stable  faradisation  and  galvaniiatioD,  i 
electric  moxa.     In  doubtful  cases,  that  refuse  to  yield  to  this  method 
of  treatment,  it  is  well  also  to  try  central  and  general  electrization. 

Cervk&^achmJ  tuuralgia  of  tt/i  sidt,  €>/  six  m^ttiA/  Jtandtng,  in  a  mah  hUt^ 
Vfist  itt  gtfini  health — Rtcm^ery  uhdtr  lotaii^d  faradUaiian  and  gtUwuntMiim^ 

Case  XXXIX.  —Mr,  Q,,  a  stout,  vigorous  gcndcman,  of  mkldlelifcv  was  sent  to  ^* 
by  Df.  Jared  Lmslcy,  April  i,  1S69.  The  patient  complained  of  cervico  brachiiiiiO^ 
ralgia  in  the  left  side.  The  pain  extcnde^l  from  the  occiput  down  the  arm,  tnd  vtf^ 
most  severe  at  mj^ht :  tender  point  on  the  occiput.  We  judged  that  tbc  Deoral^p* 
was  of  a  peripheral  character,  and  of  a  rheumatic  origin. 

Three  mild  applications  of  farad ixat ion  gave  sensible  relief.  Twice  galnnlaiio** 
was  tried*  the  negative  pole  l>eing  placed  on  the  occiput,  over  the  tender  »pol,  M*^ 
the  ptisiiive  on  the  shoulder,  or  on  the  side  of  the  seventh  cervical  vertebra.  Aft^*" 
the  sixth  application  the  jiatient  announced  that  he  was  entirety  well,  aiul  diico**" 
tinued  treatment.  Although  both  faiaxiizalion  and  galvanization  were  maniferflj  o» 
service  in  this  case,  yet  the  former  accompltdied  the  chief  part  of  the  task  bcfowfc* 
lauer  was  brought  into  rcqubkion* 

Gastralgia. — Gastralgia  may  perhaps  be  included  under  i^eripher*^ 
neuralgia^  although  there  is  room  for  much  discussion  on  this  poicm^ 
Our  results  in  gastralgia  have  thus  far  been  more  saiitfatt&ry  than  £^ 
any  otiur  neuralgia. 

The  following  case  illustrates  how  utterly  futile  internal  medidti^^*^ 
ts  in  certain  neuralgias,  and  what  a  vast  difference  there  is  betweeo  li^kC 
remedial  power  of  the  faradic  and  galvanic  currents. 

A  fftry  setfen  cajte  9/  chronic  gasttaigia  of  a  ptri&dic  naiurt—fimrytar^  ittmiing^ 
riticvcd  by  gatvamzathn,  after  faiturt  of  faradiMAiioH, 

Case  XL, — Mr,  B,,  a  gentleman  from  Charleston,  S,  C,  consulted  ui  to  Jafl* 
ixy,  1S67,  The  history  of  hb  case  is  substantially  as  follows  :  In  the  latter  port  of  tSfi^ 
he  was  taken  with  a  severe  attack  of  neuralgia  in  the  back  of  the  head  Ai»d  McL 
Similar  attacks  recurred^  in  paroxysms,  every  few  weeks  for  about  two  y«an^  U 
December,   iS63»  while  suffering  from  severe  pain,  colchicum  was  fMcescribf^,  lo  k 
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taken  every  two  houni  Not  uoderstanding  the  nature  of  the  dtag^  he  took  it  ever^ 
half  hour  for  5ve  hours.  This  imprudent  dosing  was  followed  by  persist eot  vomiting 
and  retching,  which  lasted  for  eleven  days  and  nights,  producmg  excessive  prostration, 
and,  in  the  end,  total  unconscioimnessw 

Acute  gastritis  supervened,  from  which  he  recovered  with  difhculLy^  but  only  lo 
suffer  from  neuralgic  pains  in  the  stomach,  similar  iii  character  and  severity  to  the 
distress  which  he  had  previously  experienced  in  the  bead.  These  paroxysms  were 
ftnajly  subdued  by  quinine  and  opium,  and  for  three  mont}i5i  he  was  comparatively 
well.  In  April,  1864,  the  neuralgia  in  the  head  returned,  for  which  he  took  a  large 
dose  of  morphia.     Exces.sive  vomiting  was  again  induced,  followed  by  gastralgia* 

From  that  time  untd  we  saw  him,  January,  iS6St  rzJtrry  night  had  been  passed  in 
iniaierabie  agony.  For  the  first  few  hours  after  retiring  he  would  sleep  with  some 
degree  of  comfort ;  but  about  2  to  2^,  A-M.,  the  invariable  paroxysm  would  awaken 
him,  and  banUh  for  the  night  all  sleep.  It  was  his  custom  to  take  immediately  forty 
drops  of  the  tincture  of  opium,  which,  for  the  time  being,  only  aggravated  the  dis- 
tress. By  its  influence,  however,  the  pain  abated  in  about  six  hours,  aiid  in  the  in- 
tervening time  he  cx|>erienced  only  a  dull  aching  in  the  epigastric  region.  Time  and 
again  he  had  endeavored,  by  the  advice  of  physicians,  to  gradually  decrease  the  dose 
of  laudanum  ;  but  all  tu  no  purpose. 

It  is  a  most  hingixiar  and  unaccountable  fact,  that  xxxv.  gtt.  of  the  narcotic  had 
no  effect  whatever,  wliile  3tl.  gtt.  would  act  as  above  stateth  Without  the  anodyne 
tlie  pain  was  constant ;  Jnit  he  had  on  several  different  occasions  endeavored  to  break 
off  from  the  u^e  of  it  altogether. 

During  one  trial  he  abstained  from  the  opium  for  nearly  a  week  ;  but  the  agony 
became  so  intense,  and  his  strength  so  nearly  exhausted,  that,  notwithstanding  a 
resolute  will,  human  endurance  reached  its  utmost  limit,  and  he  was  compelled  to 
resume  its  use.  Constant  soiTeriag  had  left  its  impress  on  his  pale  and  wasted  fea- 
tures. 

He  had  a  wild  and  vacant  look,  and  his  gait  was  weak  and  tottering^  like  that  of 
an  old  roan  on  the  verge  of  the  grave.  For  a  year  pa*>t  he  had  been  seeking  relief  at 
the  hands  of  some  of  our  most  distinguLshed  men,  and  when  %ve  asked  him  what 
remedies  he  had  l>een  taking,  he  answered  that  it  would  l>e  difficult  to  say  what  he 
had  not  taken.  While  he  was  in  Canada  hh&  phystcian  had  made  use  of  general  fara- 
dization, but  with  no  appreciable  result. 

When  he  came  under  our  care  we  made  use  of  general  faradization,  both  during  a 
paroxysm  and  when  he  was  free  from  pain ;  but  the  faradic  current  seemeil  to  be 
wholly  inoperative* 

We  then  made  use  of  a  strong  galvanic  current,  placing  the  positive  pole  on  the 
back  of  the  neck,  just  above  the  seventh  cervical  vertebra,  and  applying  the  negative 
over  the  region  of  the  stomach,  in  order  to  affect  the  solar  plexus  and  pneumogasti  ic. 

The  application  seemed  lo  refresh  bim,  and  relieved  in  a  marked  degree  the  va^ue, 
dull  aching  which  was  always  present  in  the  interval  between  the  paroxysms.  It  s^i 
inaeased  his  appetite  that  in  a  few  hours  he  ate  a  hearty  meal,  something  which  he 
had  not  done  before  in  two  yearst 

At  the  usual  hour  on  the  following  night  the  paroxysm  returned,  but  was  most 
tingularly  located  between  the  slioulders,  while  the  stomach  was  almost  entirely  free 
from  pain.  After  the  second  application  the  pain  resumed  its  seat  in  the  stomach, 
but  w^  not  of  such  a  severe  ch^^acle^  as  formerly.     Believing  that  the  tonic  pro< 
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periies  of  the  electricity  would  enable  him  to  do  without  the  opimn  more  readaylbi 
on  previous  occasions,  we  advised  that  it  be  discontinued.  1 1  wai  a  most  dtM 
undcriaking;  but,  for  three  weeks,  until  he  was  imperatively  called  South,  ioti 
particle  passed  his  lips.  He  received  in  all  but  she  applications  of  the  galvank  cl^ 
rent,  and  although  the  cure  was  by  no  means  complete,  yet  the  relief  he  tx^taaeA 
wa*  positive  and  most  gratifying. 

His  appetite  remained  permanently  better,  and  digestion  was  performed  with  dor 
comfort  and  rapidity.  The  r^nlarity  of  the  paroxysms  was  broken,  tod  tihtf 
severity  ameliorated. 

The  wild,  wandering  look  of  distress,  which  was  ever  stamped  upon  his  rottoev 
gave  place  to  a  calmer  and  more  hopeful  expression.  Unfortunately,  drcnmstiiKfl 
rendered  it  impossible  for  him  to  remain  longer  at  the  North  ;  but  sufBcicnt  ' 
had  been  derivcfl,  during  the  brief  time  that  he  was  under  our  care,  to  i 
probable  that  still  further  amelioration  of  his  remarkable  $)"mptoms  would  hi 
obtained  by  a  persistent  use  of  the  galvanic  stream.  We  were  the  more 
from  the  fact  that  on  a  previous  occasion  we  had  treated  successfully^  tyj 
electriEat ion  with  the  farad ic  current,  a  lady  sulTeruig  from  this  form  of  1 
but  of  a  less  aggravated  character. 


So  far  as  regards  the  treatment  of  this  case,  the  point  of  particolir 
interest  lies  in  the  fact  that  the  galvanic  current  was  of  value,  while  tbe 
faradic  was  wholly  inoperative.  By  the  use  of  the  galvanic  current  4ft 
pain  was  immediately  reUeved^  the  digestioti  was  strengtheDcd,  and  At 
appetite  sharpened. 

AMamiftal  neuralgia  of  an  agoniting  charaetfr^  associatai  with  mustul^  ipt^ 
— Dt€ided  taHp^iiry  nluf  from  local  galvanizatinH — Subsepunt  imfrtvmM 
which  posiibly  might  in  somi  meaturt  hoot  kein  dui  to  the  seconddry  iftOt  f 
treatment, 

Casb  XLT, — Mrs.  H.,  who  sttffeTed  from  most  agonidng  abdomiDal  neuralgiai<* 
referred  to  us  in  April,  1S71,     The  complications  in  this  case  were  peculiar. 

The  fiaroxysms  of  pain  were  associated  with  spasmodic  contractions  of  the  aStAvA 
ual  muscles  of  such  severity  as  to  xiccesdtate  the  constant  use  of  subcutaoeotti  Bg^ 
;ions  of  morphia. 

Ten  years  ago  the  patient  miscarried,  and  for  two  year^  thereafter  she  was  HBKWW 
occasionally  by  slight  neuralgic  pains^     Menorrhagia  now  supervened*  and  »ftn«i- 
isting  two  years  It  was  apparently  cured,  and  for  eighteen  months  she  c 
health.     During  the  last  two  years  menstruation  had  recurrctl  but  two  or  ilur:  u-^t 
snd  her  sufferings  were  terrible.     She  was  taking,  by  subcutaneous  mjecitan*  O^^ 
grains  of  morphine  daily,  and  so  pervistcntly  had  it  been  a^lministcred  that  Iwd^' 
point  on  her  body  or  limbs  could  be  found  that  was  not  of  that  pecutbf  haid 
icter,  the  result  of  the  repeated  operations.     There  was  uterine  displaceineot 
atcd  with  local  compUcaiions,  of  the  character  of  which  wc  are  not  informed. 
Irealnicnt,  begun  FeK  25,  1871,  was  external  and  local,  with  an  occasional  |;encfi 
application  of  the  faradic  current*     Electrization,  on  the  whole,  did  not  i/ocomtU 
d«ided  permanent  j;ood«   tmless  the  results  observed  after  the  oessatiou  ofou  lt«l 
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mt  were  in  a  mcstsure  secondary  ta  the  electric  stimulus.  The  padeut  certamh 
gained  immeiuely  during  the  following  year.  Tempurarily  local  gnlvaiiizalion  was  of 
much  service.  It  frequently  induced  sleep,  reduced  ihe  intensity  of  iiie  paroxysmad 
-jiaiiis,  and  often  rendered  her  more  comfortable  during  the  mlervening  periods, 

ISfvere  gattraigia  of  fourtttn  ytari    standing — Periodical    stacks    ai    night— 
Rapid  and  permanent  cure  under  central  gatvaniiotian  after  failure  of  fara- 
disatian^ 
L; 


¥ 


Cask  XLII. — Dr.  S.  J.  H.»  a  physician  aged  about  36  years,  consulted  us  in  the 

tunm  of  18701  For  fourteen  years  he  had  suffered  from  attacks  of  gastralgia  of  a 
moH  viQlenC  character  ;  these  attacks  came  on  usually  at  night,  while  in  l>e«J,  after 
midnight,  before  or  about  Ivro  o'clock  ;  the  attacks  would  lanit  sometimes  several 
hour§,  and  the  pain  was  of  the  most  distressing  character.  Of  the  various  methods 
uf  relief  that  he  bad  used,  alcoholic  liquors  secmeil  to  be  the  most  elhcacious,  but  the 
respite  they  caused  was  only  temporary.  The  apijearaiice  of  the  patient  suggested 
robust  health;  nutrition  was  well  maintained^  and  the  functions  were  generally  well 
performed. 

Examination  gave  Utile  information.  Disease  of  the  heart  had  been  suspected^  but 
ihe  careful  and  repeated  examinations  of  Dr.  Thayer  established  (be  fact  that  there 
was  no  disease  of  that  organ.  Tenderness  of  the  epigastrium  in  one  spot  sorae'limes, 
but  not  always^  existed.  We  suggested  central  galvanization.  The  patient  had  pre* 
viously  tried  faradization  without  any  benefit.  We  had  little  hopes  of  helping  the 
patient ;  the  persistency  and  Bxity  of  the  symptoms  and  their  |^>eriodicity  gave  an 
unfovorabte  prognosis,  and  only  by  our  urgent  solicitations  did  the  doctor  allow  us  to 
experiment  on  him. 

Treatment  by  central  galvanization  was  commenced  Junuary  3,  1871,  and  was  kept 
up  for  two  months^  two  or  three  times  weekly.  In  less  than  two  weeks  benefit  was 
Apparent ;  the  periodicity  and  violence  of  the  attacks  were  somewhat  modilieii,  and 
in  a  month  it  was  evident  that  the  disease  would  yield  more  or  less  permanently  to  the 
treatment.  Occasional  relapses  occurred,  as  always  in  similar  cases,  reminders  of  the 
former  sufferings,  showing  that  the  evil  spirit  was  not  wholly  cast  out ;  but  in  three 
months  from  the  time  the  treatment  was  commenced,  the  patient  regarded  bimself  as 
welL 

Three  years  have  elapsed*  and  the  patient  is  still  well,  althotigh  en- 
gaged in  laborious  duties.     The  features  of  chief  interest  in  the  case 
tvere  these  ; 
^H      I.  The  stiperiority  of  central  galvanization  over  faradization, 
^f     2*  The  [icnnanency  of  the  cure  of  such  a  long-standing  affection. 

Sda/Ua, — In  the  treatment  of  sciatica  by  electrization  very  much 
depends  upon  the  care  with  which  the  current  is  applied.  An  ill-di- 
rected, too  prolonged  application,  or  the  use  of  a  current  the  niechani- 
^^al  effects  of  which  are  unduly  marked,  frequently  results  in  more  harm 
^^han  good.  In  sciatica^  the  pain,  as  a  rule,  closely  follows  the  course 
,    ^jf  the  nerve,  and,  tlierefore,  in  the  majority  of  Instances  the  disease  ii 
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typical  of  true  neuralgia.  The  effects  of  faradization  in  these  cases  trt 
undoubtt;d,  and  in  our  hands  have  sometimes  proved  far  more  tfh 
cacious  than  galvanization. 

It  cannot  be  too  frequently  repeated,  that  m  sciatica  tlie  faradic  cur- 
rent is  capable  of  doing  infinite  harm  if  ignorantly  used  or  over-osedi 
but  tliat  if  applied  with  that  caution  and  skill  which  experience  alone 
can  give  it  generally  relieves. 

It  is  in  just  such  conditions  as  these  that  the  character  of  the  current 
for  fineness  and  evenness  is  all  important,  and  these  factors  are  found 
combined  in  a  higher  degree  in  Kidder's  single-coil  machine  than  m 
any  other.  On  account  of  the  great  caution  that  must  be  exercised  ill 
the  treatment  of  sciatica  by  faradization  it  is  probable  tliat  beginners  may 
here  achieve  greater  success  through  the  use  of  mild  galvanic  currentii. 
The  muscular  atrophy  that  sometimes  follows  sciatica  may  be  treated 
by  localized  faradization.  Whichever  current  is  used  the  appltcatioo 
should  be  made  both  over  the  lower  part  of  the  spine,  to  act  upon  the 
roots  of  the  nerves,  as  well  as  over  the  course  of  the  nerve  in  the  leg. 

Ga/vano-Puncture.—Wc  have  recently  attempted  the  treatmeot  of 
sciatica  by  electro- puncture. 

The  needle  may  be  insulated  or  not ;  should  be  bayonet -shaped,  so 
as  to  go  in  easily,  and  may  be  inserted  far  enough  to  touch  or  penetrate 
the  nerve.  The  moment  when  it  so  penetrates  or  even  touches  will  be 
revealed  to  the  patient  by  a  tingling  or  pricking  sensation  throti^  the 

leg- 

The  needle  thus  introduced  should  be  connected  with  the  negative 
pole ;  but  two  to  four  cells  should  be  used,  and  ttie  current  should 
be  continued  but  a  few  minutes. 

Severe  and  obsdnaU  iciatUa  exciud  by  ohtruethn  of  ike  h<yufeh — Relief  und  tltm 
imprtn'tment  under  loealiud  gnhanitatiaH  wlik   moistened  s^mges^   WiiJk  /Aii 
metallic  ^rusA^  and  galvanQ-punetHre* 

Case  XLIIL — Mr  K.,  ag«d  39  years,  was  referred  to  ns,  March  3,  1873,  ^  ^-  ** ' 
Conk  ling.    The  paticuit  had  l>ecn  occupied  by  various  and  complex  affairs  <uid  hjuJ 
for  years  bearing  ihe  burdens  of  ten  men.     HU  vacations  had  been  few  and  bia  hum  wm 
of  labor  many,  and  be  had  fallen  into  a  condition  of  profound  neurasthenia^     He  hadfc>  - 
iulTered  from  gastralgia  of  a  most  violent  character,  for  which  opiates  had  been  q«t(e^»-  ^ 
jreely  gpvcn  ;  atii  constipation  and  liardeued  f^ieces  had  resulted  tliat  bad  caused  obsuuc— ^^^^ 
tion  of  the  bowels  which  was  relieved  only  with  diificulty  and  by  mechanical  meaoa 

The  sciatica  of  one  side,  from  which  the  patient  was  suffering  when  we  were  nUfrJ^     "^ 
in,  seemed  to  be  of  a  reflex  chajacter  from  the  cons' ipalion.     The  pain  was  fnnTfiJ,     ■■ 
wkl  there  was,  of  course,  lameness  and  atrophy  of  the  muscles  of  the  kg.     At 
excessive  h)'percesthesta  appeared  over  the  ttugh,  especially  In  the  region  of  the  1 
nerve,  aad  there  was  jrreit  tcndemestfe 
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We  tried  Y&riotts  methods  of  electrization ;  general  farajJization,  for  the  pattent 
was  much  debilitated;  localized  faradiKalton  with  sponges  and  with  the  metallic 
brush ;  central  gaK'anitation,  localized  galvatiiialion,  and  galvaiio-puncture, 

Localiied  galvanization  with  currents  of  medium  strength,  and  continued  for  an  hour 
or  so  just  as  ihe  palienl  had  retired  for  the  nighty  seemed  to  be  more  efficacious  than 
wiy  other  method  or  manner  of  treatment.  Almost  always  tt  soothed  the  pain,  re- 
laxed the  stiff  and  aching  muscles,  and  this  relief  would  last  for  hours^  perhaps  give 
A  good  njghi^s  sleep.  The  proceeding  was  to  place  one  pole  on  the  spine,  andl  to  posi 
the  other,  without  regard  to  the  direction  of  the  current,  op  and  down  over  the  region 
of  the  sciatic  nerve. 

A  few  times  we  tried  galvano-puncture  with  insulated  and  tion- insulated  needles. 
The  needles  were  thrust  in  quickly  and  firmly  until  they  came  near  the  nerve,  and 
sometimes  they  touched  it,  as  was  evidenced  by  the  tingling  and  priclting  sensations 
excited  that  were  felt  down  the  leg.  The  punctures  were  made  on  various  points 
down  the  back  part  of  the  thigh.  No  anaesthetic  was  used,  but  once  or  twice  local 
mnzsthesia  l:>y  means  of  carbolic  add  and  ether. 

We  were  persuaded  that  this  treatment  by  puncture  did  good;  that  It  gave  the 
patient  a  start,  and  enabled  the  external  galvanization  to  do  its  work  at  l^etter  advan* 
tage.  The  patient,  though  a  man  of  strong  will  and  decision,  terribly  dreaded  th# 
thought  of  the  needles,  and  we  were  obliged  to  abandon  their  use.  The  needles  were 
always  connected  with  the  negative  pole,  the  positive  being  applied  externally  by  a 
«|K)iigie  or  doth  cover. 

This  case  was  treated  off  and  on  for  four  months,  and  with  slow  and 
no:  very  steady  improvement*  It  was  a  long  time  before  the  patient 
could  ride  or  sit  long  without  causing  ^lain.  la  a  few  weeks  he  com- 
pletely recovered 


Sciaiica  from  strain^  of  stveral  monih^  duration — Immfdiate  improvement  vndfr 
general  f*iradiiattQn  and  localised  galvanitation — Subsequent  relapse  and  final 
recovery. 

Case  XLIV. — Mr.  W.,  aged  about  40,  was  referred  to  us  by  Dr.  C.  E.  Bucking- 
ham, of  Ikiston. 

The  patient  liad  been  suffering  for  several  months  from  severe  pains  along  the  course 
of  the  sciatic  nerve.  He  had  not  been  esiiecially  exposed  to  cold,  and  as  thesymp- 
totDS  came  on  suddenly,  he  could  only  attribute  the  disea^  to  the  unusual  exertion 
of  lifting  a  heavy  trunk  a  short  time  previously. 

The  limb  had  atrophied  somewhat,  and  the  general  health  of  the  patient  was  some- 
what impaireih  He  was  submitted  to  general  faratlliation  and  to  galvanisation  of 
the  affected  limb.  A  dozen  applications  resulted  m  very  great  alleviation  of  the 
severe  pain  which  had  for  so  long  a  time  distressetl  him,  and  wc  felt  ho]>cfijl  of  a  speed) 
recovery.  Unfortunately  the  patient  exercised  too  fredy  in  \valking  one  day,  and  in 
iddition  probably  took  some  cold.  At  all  events  the  neuralgia  relumed  in  full  force, 
tnd  so  discouraged  the  patient  that  he  nlmo&t  immediately  sailed  for  Europe,  where 
ftftcr  a  number  of  months  he  recovered. 

The  value  of  the  hradic  current  is  illustrated  in  the  following  case  : 
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Sciatua  of  several  month  f  duration  sitccess/utfy  treated  £yf  /aradtsatiem. 

Case  XLV.-^An  old  gentleman,  aged  76,  was  sent  to  us  by  Dr.  F.  Elliot  lo 

treated  Tor  a  condition  of  general  paresis,  associated  with  which  wsa  a  se\*cre  nc 
of  the  sciatic  nerve  in  both  limbs  which  had  distressed  htm  for  a  number  of  monthj. 

There  was  a  lack  of  co-ordinating  power  in  locomolion,  together  with  decided  uub^^ie^ 
thc*ia  of  both  nppcr  and  lower  cxtrenaities.  The  left  foot  and  ankle  were  *■»*—  ^ 
moiisly  swollen,  and  in  this  limb  the  pain  was  far  more  severe  than  io  the  athcr* 

The  patient  was  treated  by  general  and  local  faradization;  and  in  the  course  of 

seven  applications  the  swelling  nearly  subii^idet!,  and  the  neuralgia  wfts  quite  sobdui^VMc^ 
The  patient  subsequently  died  from  cerebral  effusion^ 

Sciatica  foUmving  pressure  of  the  chilePs  head  at  partttrition — L^aiized  gaipam  r"-     mim' 
tion  is  followed  by  allcviatism  tf  pain  and  recovery. 

Case  XLVL— Mrsi, »  age<l  about  40,  wa^  confined  in  March,  1S73,  and  a  ^.^^f^ 

great  suffering,  and  by  the  u«e  of  the  forceps  ^hc  wa-^  delivered  of  a  sliUlsora  dK;=s4bihL 
Through  the  pressure  of  the  child's  head  the  nerves  had  sustainad  serious  shock,  s-  i^ 
for  many  days  before  seeing  her  she  had  enduretl  the  most  severe  neuralgic  pains  in  ihp 

le»t  limb. 

Nothing  seemed  to  give  more  than  temporary  relief,  and  at  the  time  that  we  v  .  1  LJt 
sent  for  by  her  physician,  Dr.  Oliver  White,  the  onset  of  hysterical  sj'mpioros  ^mmnta^ 
dered  the  patient  a  most  pitiable  object.     It  was  with  difficulty  that  she  could  be  w- 

duced  to  submit  to  treatment,  but  finally  a  mild  application  of  localized  gah'aniza'^^^oQ 
was  administered,  and  seemed  to  be  soothing  in  its  effects.  The  tola!  number  of  ap' 
plications  given  was  eight,  and,  with  the  exception  of  one  seance  which  was  fullo  ^id 
by  increased  pain,  every  treatment  resulted  in  on  otlevialian  of  sufTertng,  and  firm  "^^ 
recovery  was  complete. 

The  pain  had  not  entirely  left  her  when  the  galvanization  was  discontinTied,  1>tt^ 
grew  less  and  less  every  day  for  a  week  or  so  until  her  limb  was  la  good  conditioiU'^ 

Dr.  \\  V,  Gibney,*  of  New  York,  has  reported  the  results  of  32  cm^^^^^ 
of  scialicn,  treated  by  the  "  Strong  galvanic  current  "  ;  24  received  *  *** 
mediate  lem[)orary  relief,  3  were  moderately  benefited,  and  5  receive ^^ 
no  relief;  16  were  permanently  ctired  without  a  relapse,  7  relapsed,  fc^^^ 
subsequently  improved.     The  further  histories  of  5   cases  were  t^^^*^ 
traced.     About  thirty  Leclanche  elements  were  employed* 

Reflex  Neuralgia.  —The  term  reflex,  as  applied  to  paralysis,  is  at  otm^  -^^^ 

common  and  suggestive.     In  the  same  way  it  is  applicable  to  nctiralg""^* 

As  in  children  paralysis  frequently  follows  the  irritation  of  leethi  ^^^^  ^  * 
or  dysentery,  and  in  older  persons  that  of  urinary  disease,  so  ncural^^^ 
of  distant  parts  may  result  from  uterine  and  other  disorders*  Neur^^^^^  - 
gia  of  the  hfth  pair,  caused  by  a  carious  or  false  tooth,  is  a  common  a:^*'* 
well-known  reflex  result  of  mechanical  irritation.  The  treatment  ^^ 
reflex  neuralgia  is  by  no  means  so  empirical  as  that  of  the  periphe:^''^ 
variety*  If  a  corious  tooth  is  at  the  root  of  the  evil  it  must  be  reraov^^* 

*  Transactions  of  Am.  Med.  Aisociation  for  iSSo. 
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If  the  cause  can  be  traced  to  uterine  disease,  the  skill  of  the  gyii» 
cologist  is  called  for.  Occasionally  electrization,  through  its  power  of 
subduing  local  irritation  or  inflammation,  eflfectually  relieves  the  remote 
neuralgic  pain,  of  which  the  irritation  or  inflammation  is  the  cause. 

Ntvratgia  &/  itft  leg^  apparently  proeteding  from  otfary—JR/eavery, 
Case  XLVJL— In  the  case  of  a  yoting  lady  who  had  sufTered  for  several  montlis  from 
the  inost  severe  neuralgic  pains  down  ihe  left  legj  Uclile  examinaiion  revealed  very 
marked  tendernew  to  pressure  in  the  left  ovarian  region.  No  other  portion  of  the 
body  was  especially  susceptible  to  the  touch.  It  is  proper  to  stale  that  the  patient 
was  not  at  all  hysterical,  that  exercise  aggravated  the  pain,  and  thai  the  neuralgia  of 
Ihe  !imb  was  in  proportion  to  the  tenderness  over  the  ovary.  She  was  itii mediately 
relieved  by  localized  farad ixationi  and  completely  recovered  in  llic  course  of  six  weeks^ 
after  having  received  twelve  applications, 

N'euraigia  in  the  ovarian  region^  oz'fr  the  abdomen^  and  extending  difwn  the  limhi^ 
of  several  years*  duration — CompieU  relief  under  general  f  trad izat ion. 

Case  XLVIII. — Miss  L  ,  about  23  years  of  age,  and  a  patient  of  Dr,  Frcdciic  D» 
Lente,  had  for  several  years  sufT^jfcd  much  distress  ffom  a  neuralgic  affection  of  the  ab* 
domen  and  lower  exircmities.  The  pain  was  especially  severe  and  constant  in  the  region 
of  cither  ovary.  According  to  the  Dr.,  uterine  difficulty  evidently  existed  ;  but  ?-s  local 
treatment  was  out  of  the  question,  and  as  the  ordinary  extern:il  and  internal  remedici 
bad  been  used  without  much  benefit,  we  were  requested  by  Dr»  Lente  to  test,  in  her 
case,  the  effects  of  electrization*     Simple  general  faradization  proved  most  erficacious. 

Some  dozen  apptications  sufficed  to  dissipate  completely  the  pains  from  which  she 
suffered  and  to  markedly  improve  her  general  condition. 

A  year  subsequently  the  above  patient  was  annoyed  again  by  the 
same  symptoms,  but  a  short  course  of  the  same  method  of  treatment 
relieved  her  a  second  time. 

Galvanic  belts  and  disks  for  the  treatment  of  neuralgia  have  been 
recommended  by  Hiffelsheitn.  He  applies  the  bt-lts— either  Piilver- 
raacher's  or  Davies' — moistened  with  vinegar,  to  the  painful  localityp 
and  allows  them  to  remain  there  for  days,  weeks,  and  even  months. 
Although  Hiffelsheim  re]>orts  some  good  results  from  these  applications, 
yet  it  must  be  admitted  that  there  is  as  yet  no  sufficient,  rehable  evi- 
dence that  they  have  succeeded  where  galvanization  or  faradization 
has  failed,  or  that  they  have  any  positive  advantage  whatever,  except, 
perhaps,  for  those  who  axe  so  situated  that  they  cannot  receive  ordinary 
treatment* 

•  The  therapeutic  results  obtainetl  by  wearing  galvanic  chains,  l>elts,  disks,  sole», 
girdles,  etc,  must  depend  on  the  manner  of  their  construction  and  application. 
Ikf  any  of  those  which  are  sold  in  the  stores  and  extensively  and  indiscriminately  used 
by  the  laity,  are  so  arranged  that  the  feeble  currents  which  they  may  generate  fdU  to 
make  a  circuit  through  the  body,  and  rccombine  b  the  metals  themselves 
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The  objections  to  and  disadvantages  of  this  method  of  treatmrnl  in 
neuralgia^  as  in  all  other  affections  for  which  it  has  been  so  widely 
employed,  are  these  :— 

1.  The  current  which  they  generate  is  very  feeble  and  inconstant, 
and  probably  does  not,  except  under  peculiarly  favorable  circumstances^ 
penetrate  far  beneath  the  epidermis, 

2.  They  can  only  be  used  locally.  Many  of  the  symptoms  for 
which  they  are  used  are  of  a  constitutional  character,  and  can  only  be 
permanently  disjMflled  by  measores  calculated  to  affect  the  whole  sys- 
tem. 

3.  They  are  usually,  and  sometimes  necessarily,  applied  to  the 
seat  of  the  pain  rather  than  to  the  seat  of  the  disease.  In  galvanization 
and  faradization  for  local  neuralgia,  it  is  found  that  the  best  results  are 
obtained  by  treating  the  seat  of  the  disease* 

4.  They  sometimes  cause  ulcers  that  leave  permanent  cicatrices. 
The  benefit  that  is  derived  from  them  is  probably  due  in  part  to  their 

influence  on  the  imagination* 

These  arguments  against  the  use  of  galvanic  belts  would  be  valueless, 
if  experience  could  demonstrate  from  their  use  any  great  utility  or  any 
very  positive  advantage. 

It  is  not  impossible  that,  in  future  improvements  in  the  construction 
of  these  belts  and  chains,  and  more  scieniilic  experiments  in  their  use, 
we  may  develop  advantages  from  them  which  they  have  thus  far  failed 
to  exhibit,  and  may  accord  to  them  a  position  In  electro -therapeutics 
to  which,  from  the  results  of  the  past,  they  are  not  entitled. 

The  fact  that  they  have  thus  far  been  used  almost  exclusively  by  the 
laity,  and  have  been  made  the  theme  of  noisy  advertisements,  so  far  from 
discouraging,  should  rather  stimulate  men  of  science  who  have  any  faith 
in  their  efficacy  to  rigidly  investigate  and  interpret  their  claims  to  a 
position  among  the  appliances  of  electrotherapeutics. 

Those,  however,  who  experiment  with  these  contrivances,  should 
remember  that  the  mechanicaily  irritating  effects  of  metallic  bands 
apphed  to  the  tender  skin  are  not  inconsiderable,  and  that  the  thera- 
peutic results  which  appear  to  follow  their  application  may  PDl  unlikely 
be  due  wholly,  or  in  part,  to  counter-irriiatien. 

{F&r  further  remarks  on  ihis  subject^  set  Myalgia,) 


CHAPTEK  XIX. 


ANESTHESIA, 


Anesthesia  is  derived  from  a,  privative,  and  aMdvo^t  to  perceive^ 
and  therefore  literally  signifies  a  deprivation  of  sensation.  It  is  a  s^-rop- 
tom  of  some  organic  or  functional  disease  of  the  central  or  peripheral 
nervous  system.  The  kinds  of  anaesthesia  are  as  various  as  are  the 
nerve  ramifications,  and  the  symptoms  that  accompany  it  are  modified 
by  the  locality  and  causation  of  the  disease.  All  forms  of  anaesthesia, 
as  of  paralysis  of  motion,  may  for  the  sake  of  convenience  of  descrip- 
tion be  classified  under  these  four  general  divisions :  Coustitutional, 
central,  peripheral,  and  redex. 

There  are  five  kinds  of  sensibility,  all  of  which  are,  of  course,  modi 
fications  of  general  sensibility*  and  all  of  which  may  become  diminished 
by  disease  :■ — 

I.  TiutiU  sensibility. — ^This  is  the  form  which  is  most  frequent,  and 
best  appreciated.  Diminution  or  loss  of  this  sense  is  usually  known  as 
anmsthesia, 

a. — Sensibility  to  temperature — heat  and  cold, 

J.  Sense  of  pressure  or  weight, 

4.  Sense  0/ pain. — This  is  quite  distinct  from  tactile  sensibility,  with 
nrhich,  on  superficial  observation,  it  is  often  confounded.  The  loss  of 
this  sense  is  called  analgesia.  These  different  kinds  of  sensibility  may 
be  very  unequally  affected  by  disease.  One  form  may  be  entirely 
destroyed,  while  the  others  remain  intact.  Thus,  while  tactile  sensi- 
bility is  perfect,  the  prick  of  a  needle,  when  thrust  into  the  flesh,  is  not 
felt-     In  such  cases  there  is  analgesia^  but  not  mmsthesia. 

5.  Far  ado-sensibility, — ^This  form  of  sensibiHty  appears  to  be  suffi- 
ciently distinct  to  entitle  it  to  special  mention.  Farado-sensibility  may 
be  quite  active  when  tactile  sensibility  is  much  diminished. 

The  diagnosis  of  anaesthesia,  except  in  very  delicate  cases,  is  suffi- 
ciently easy. 

The  degree  of  normal  sensibility  to  tactile  impressions  varies  widely 
in  different  parts  of  the  body.     It  is  necessary  to  bear  this  fact  in  mind. 
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and  to  make  experimental  trials  on  persons  in  health,  in  order  to  arr\>'*t 
at  correct  conclusions  in  cases  of  disease. 

The  use  of  the  compasses,  according  to  the  directions  of  Dr  Weber,* 
vrill  enable  one  to  determine  in  a  very  accurate  manner  the  condifioi^ 
of  the  sensory  functions  in  health  and  disease- 
Thus,  when  the  two  points  of  a  pair  of  compasses  arc  placed  u|><jn 
the  inner  surface  of  the  last  phalanx  of  tlie  finger,  they  need  to  be  sc^:3a 
rated  but  one  line  in  order  to  give  t^^o  impressions,  while,  in  the  raid  <dle 
of  the  thigh,  the  points  of  the  compasses  need  to  be  distant  from  e^AJ^< 
other  some  fifteen  to  twenty-five  lines  in  order  that  two  impressi 
may  be  received. 

Sensation  in  the  tip  of  the  tongue  is  more  acute  than  in  any  otzJbtf, 
part  of  that  organ,  for  two  impressions  are  received  when  the  points 
the  compasses  are  separated  by  only  half  a  line  ;  and  it  will  be  fofc— jnt 
that,  in  the  face,  this  sense  of  acuteness  diminishes  as  we  recede  ficr-"on» 
the  mesial  line. 

Electro  diagnosis* — There  is  a  method  of  determining  the  relative  c^^ — 'le*^* 
tro-sensitivcness  of  the  two  sides  of  the  body  that  we  have  found  i  ^^ 
convenient  and  reliable,  and  sufficiently  delicate  except  for  those  cs  "^^ 
when  the  anesthesia  has  extended  over  the  entire  system*  Thb  czrz:tM>- 
sists  in  the  application  of  the  faradic  current  by  means  of  a  brass  1^^^ 
or  other  metallic  electrode,  attached  to  one  of  the  poles  of  a  tirrgs^ic 
apparatus.  The  other  pole  of  the  apparatus  may  be  placed  at  the  feci 
of  the  patient,  or  at  the  coccyx,  or  at  any  indifferent  point,  as  ma^^^p'  ^ 
convenient. 

Different  points  of  the  body»  on  both  sides*  arc  alitrnatdy  tout_ri=~^*5o 
with  the  brass  ball,  perfectly  dry»  ver>^  lightly,  and  with  a  mild  cun —  '^"'' 
In  order  to  test  the  sense  of  pain,  the  ball  should  be  covered  wk.^  th  a 
moist  sponge,  so  that  the  current  may  penetrate  the  epidennis.  ^" 

this  w^ay  a  verj- slight  difference  of  sensibilit>%  especially  of  the  U|pM*F^ 
and  lower  extrenjities,  can  readily  be  detected.  By  gradually  incr 
ing  the  power  of  the  current  up  to  the  point  of  endurance^  the  ex. 
of  the  anjesthesia  can  be  ascertained  with  tolerable  accuracy,  ■ 
great  advantage  of  this  method  is,  that  the  same  apparatus  with  w-" 
we  treat  the  disease  can  be  used  to  diagnosticate  it,  and  to  mark 
progress  from  day  to  day. 

Treaimcni. — ^When  the  anaesthesia  is  very  limited  m  its  extent,  ant^^^  ^^ 
general  health  of  the  patient  is  otlierwise  good,  localized  electrization  -^^  ^' 
course  indicated.     As  a  matter  of  fact,  however,  very  many  anaesth- 

*  De  pulsu.  reforpcione,  audita  et  tactu,  annotationes  uiAtomlae  et  phyaoiog^^^ 
lip^  1834. 
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"patients,  whatever  may  be  the  cause  on  which  their  sj^nptoms  depend, 
are  more  or  less  debilitated,  and  are  benefited  by  the  constitutional 

» tonic  effects  of  general  electrization.  In  cases  of  anaesthesia  that  are 
dependent  on  lesion  of  the  central  nervous  system,  central  galvani/-a- 
lions  is  sometimes  indicated*  Obstinate  cases  of  a  localized  character, 
are  well  treated  by  the  electric  brush.  Anaesthetic  patients  will  gener- 
•aily  bear  strong  currents  in  proportion  to  the  extent  of  the  anassthesis 
with  benefit  and  without  injury*  Some  temperaments  that  do  not  feel 
the  current  during  the  application  may  yet  experience  unpleasant  re- 
active effects. 

JVognosis. — The  prognosis  in  anaesthesia,  waiving  for  the  moment  all 
questions  of  causation  or  pathology^  is  usually  very  favorable,  and  be- 
j-ond  comparison  more  favorable  than  that  of  paralysis  of  motion. 

One  reason  for  this  difference  is  that  anaesthesia  is  an  earlier  symp- 
tom of  organic  disease  of  the  nervous  system  than  motor  paralysis, 
aind  is  therefore  sooner  treated.  But  we  continually  observe,  even 
-when  the  two  conditions  coexist,  as  is  so  frequently  the  case  in  cen- 
tral, spinal,  and  peripheral  paralysis,  that  the  anoesthesia  yields  much 
sooner  and  far  surer  than  the  paralysis  of  motion. 

The  discussion  of  the  interesting  physiological  questions  suggested 
l)y  these  observations,  though  somewhat  enticing  and  suggestive,  does 
not  come  within  the  scope  of  the  present  work. 

IAmttihisia  0/  anitrior  region  0/  right  thigh^  of  traumatic  origin,  0/  ten  year/ 
standing — Permanent  recovery  under  localised  faradisation. 
Cask  XLEX  — Mr,  H.»  a  stout^  vigorous  man  aged  29  years,  was  sent  to  us  by 
Dr,  H,  Gregory,  of  Harlem,  to  be  treated  for  anaesthesia  (which  had  annoyed  him  for 
many  years)  of  the  anterior  portion  of  the  right  thigh.  The  only  possible  cause 
to  wliiich  we  could  refer  tlic  symptoms  was  an  mcised  wound  thai  he  had  received  In 
the  thigh,  near  the  great  trochanter,  some  tett  years  previously. 

The  patient  could  not  jwsitively  stale  that  the  paralysis  of  sensation  immediately 
followed  the  injury,  since  the  auLcsthesia  was  not  so  noticeable  as  at  a  later  date^ 
The  part  had  t>ccomc  jio  insensible  to  ordinary  impressions^  that  it  was  necessary  to 
separate  the  points  of  a  pair  of  compasses  some  45  to  50  lines,  before  two  impres- 

■  iions  were  received.     The  pricking  of  a  pin  caused  no  sensation,  and  even  when  the 
point  penetrated  several  lines  beneath  the  surface^  no  pain  was  experienced. 

Dissipation  in  eating  and  drinkin|t,  unusual  exercise  and  loss  of  sleep,  invariably 
aggravated  the  disorder.  The  first  application  of  the  faradic  current — made  down 
die  spine  and  to  the  affected  limb — very  markedly  relieved  the  anjeslhesia,  and  after 
the  third  application  the  limb  was  restored  to  its  normal  sensibility.  At  the  fourth 
visit  he  complained  that  the  part  had  partially  relapsed  into  its  former  anarsthetic  con- 
iition,  but  accounted  for  it  from  the  fact  that  he  had  spent  most  of  the  prevtoui 
at  a  social  gathering. 
29 


4SO 


CASES  OF  ANESTHESIA. 


An  ipplication  agoin  relieved  the  an^thesia.  We  fottnd,  as  usual  in&U  cuefof 
myesthesia,  that,  as  the  limb  progressed  toward  a  cunv  it  became  more  and  morr 
■en&itive  to  the  influence  of  the  current. 

After  receiving  ten  applications  the  limb  was  again  restored  Co  its  normal  sena- 
biUtyi  althougii  occasionally,  after  unusual  exertion  and  loss  of  sleep,  it  became  some 
what  anaesthetic 

In  the  case  of  this  gentleman,  the  wound  before  referred  to  vas  ovet 
tlie  course  of  the  external  cutaneous  nerve,  after  it  passed  beneath 
Poiipart's  ligament^  and  the  beneficial  results  that  followed  treatment  by 
electrization  were  due,  doubtless,  to  the  fact  that  the  nerve  had  suffcretl 
merely  from  contusion  and  not  division. 

Hysterical  hyperesthesia  is  much  more  commonly  noticed  with  os 
than  anaesthesia.  The  latter  condition  is  without  doubt  occasionallr 
overlooked,  and  again  may  sometimes  be  feigned. 

Hysterical  amxstkesia — diminution  of  temperature  during  the  attt^hs — Crfiti^ 
sensibiiity — Gradu^  improvement  and  final  recovery  under  general  far^tdimtiiK, 

Case  L.— Mrs.  S.,  aged  33,  was  subject  to  frequent  attacks  of  hysteria,  withb* 
tense  melancholy.  She  suflTcred  also  from  general  neuralgic  attacks,  which  were  fol- 
lowed by  almost  complete  anesthesia — commencing  at  the  fingers  of  cither  hiatJ,  tt 
tending  up  to  the  arms,  the  shoulder^  and  face,  and  Anally  involving  the  tonf^e, » 
that  her  speech  was  only  in  broken  utterances. 

About  the  linger-nails  the  skin  assume<l  a  dull  leaden  color*  The  pulse  wasatoost 
imperceptible,  and  the  temperature  of  the  affectetl  parts  was  considerably  below  rf« 
nonuol*  Insensibility  to  painful  in^prcssions,  which  always  preceded  the  lossoftl^c 
icnse  of  touch,  was  at  first  incomplete,  bat  gradually  increased.  During  the  attid 
her  memory  always  became'  much  impaired,  so  that  she  was  often  unable  lo  cilUi» 
mind  tlie  names  most  dear  to  her. 

The  paroxysms  lasted  frona  twenty  minutes  to  half  an  hour,  and  were  followed  bji 
severe  headacht%  while  a  considerable  numbness  of  the  arms  and  hamis  rcmalncl  U 
several  day?i.  Carbonate  of  ammonia  seemed  to  relieve  her  more  quickly  than  any 
other  internal  remedy,  but  nothing  she  had  ever  tried  had  been  of  any  very  periiuM»t 
benefit.  An  application  of  the  faradic  current,  made  to  the  parts  affected  during  > 
parox)^m,  always  shortened  the  attack ;  although,  while  the  anaesthesia  lasted,  1^ 
Angers,  Mmi^^  face,  and  tongue  were  insensible  to  the  influence  of  a  current  of  c<i*' 
tiderable  power. 

Treatment  by  general  faradization  was  continued  during  the  interval  hclween  lh» 
paroxysms,  resulting  in  a  diminution  in  the  severity  of  each  succeeding  ittackf 
in  a  few  months  they  ceased  to  trouble  her. 


nil 


Anesthesia  of  left  side  of  face,  tJetending  to  lift  nostril  and  inSemat  smj^'^ 
&f  cheeky  and  compHeated  with  paralysis  of  mafi^n — Impr(mement  and  tee^t^ 
under  faradiioHon, 

Cask  LI. — Miss  A -G.,  an  unmarried  woman,  aged  aS,  applied  for  irentrofi« 
for  cutaneous  anaesthesia  of  the  left  side  of  the  face.     She  was  employed  in  a  boulc 
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Iciy,  and  her  daily  labot  extended  over  a  period  of  from  twcWe  to  rotirtcen  bctuit 
s  a  natural  consequence,  her  general  health  had  become  somewhat  impairs  J. 
Her  menstrual  function  was,  however,  performed  regularly;  and,  although  her  di» 
ge'itiun  seemed  to  be  vigorou.^|  she  was  nervous  and  ansemic. 

She  gave  the  following  account  of  herself :  Some  six  months  previously,  she  no* 
ticed»  at  the  close  of  a  day  of  hard  labor,  and  after  exposure  to  a  cold  btting  wmd,  a 
slight  feeling  of  numbness  in  the  right  aide  of  the  face.  This  numbness  rapidly  in- 
creased, until  in  a  short  lime  the  anasihcsia  was  complete.  On  examining  the  face 
it  was  found  that  the  mouth  was  drawn  somewhat  over  to  the  right  side.  There  waj 
ftlight  pto^  of  the  left  eyelid,  and  the  left  cheek  was  flaccid.  The  want  of  expres- 
iioii  was  quite  marked  on  the  affected  side,  and  contrasted  strongly  with  the  right 
nde  when  «be  laughed,  or  entered  into  conversation.  She  was  entirely  insensible  to 
ordinary  impressions  on  the  left  side  of  the  face,  and  the  ameiithesla  «ixtended  to  tbe 

Efft  nosirii  and  ike  internal  surface  of  the  cheek. 
The  sensation  and  moveiueut  of  the  tongue,  and  the  power  of  taste^  were  unim* 
ed.  Local  applications  of  the  faradic  current  were  given  every  day  or  two,  but 
or  some  little  time  no  impression  seemed  to  be  made  on  the  diseased  nerve. 
It  was  only  after  treatment  had  been  continued  two  weeks,  and  some  eight  appli- 
cations had  been  given,  that  any  sensitiveness  to  the  current  was  manifest  along  the 
course  of  the  fifth  pair*  The  improvement,  however,  from  this  time,  although  slow, 
was  constant. 
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In  this  case  the  nile  that  the  anaesthesia  improves  more  rapidly  than 
the  paralysis  of  motioii  was  reversed, 
B  The  aniesthesia  improved  but  little  until  the  face  asstimed  its  natural 
proportions,  when,  in  a  short  time,  the  normal  sensation  entirely  re- 
turned* The  treatment  was  continued  during  two  months.  In  most 
cases  of  anaesthesia  of  the  trigeminus,  related  by  Romberg,  the  loss  of 
sensation  was  so  marked  that  deep  pricking  mth  a  needle  caused  no 
pain,  while  in  this  case  the  anjesthesia  was  limited  to  the  skin  and 
mucous  membrane.  Anaesthesia  of  the  fifth  pair  of  nerves  may  be 
peripheral  or  central  ;  in  the  latter  case  there  is  coincident  paralysis  of 
the  nerves  of  motion  and  sensation,  and  hemiplegia,  more  or  less  com- 
plete, is  often  present. 

The  diagnostic  symptoms  of  this  variety  of  paralysis  differ,  according 
as  the  seat  of  the  disease  is  located  in  the  course  of  the  various  ramifi- 
cations of  the  fifth  pair,  after  it  leaves  the  sphenoid  borie,  or  in  the  Cas- 
berian  ganglion,  or  at  the  base  of  the  brain. 

The  symptom  of  anxsthesta  occurs  in  many  forms  of  paralysis  of 

motion — hemiplegia,  paraplegia,  and  so  forth — and  many  cases  will  be 

found  under  those  diseases.     Anaesthesia  occurs  also  in  writer^s  cramp 

Hind  in  locomotor  ataxia,  where  it  is  a  prominent  symptom.    In  all  the 

"diseases  where  it  exists  as  an  incident  or  complication  it  is  to  be  treated 

On  the  satiie  principles  as  where  it  exists  as  the  sole  or  leading  symptonv 
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Paralysis  of  motion  is  a  condition  for  which,  from  the  earliest  hii^ 
tory  of  electrotherapeutics,  electricity  in  its  different  forms  ha^  bcco 
used  more  than  in  any  other  disease ;  and  not  until  quite  recently  has 
it  been  demonstrated  that  there  are  many  other  symptoms  in  whicli 
the  resuhs  of  electrical  treatment  are  much  more  rapid  and  briliianl 
than  in  any  form  of  motor  paralysis.  In  hysteria  and  affections  allied 
to  it,  in  cerebral  and  spinal  congestion,  in  chronic  alcoholism,  neuriip, 
and  in  certain  diseases  of  the  skin,  electricity  rightly  used  by  the  nicili- 
ods  of  central  galvanization,  general  faradization,  and  local  galvaniii' 
lion  of  the  nerve  centres,  relieves  and  cures  far  more  rapidly  than  in 
paralysis. 

Paralysis  has  been  especially  prominent  in  electro*therapetttic%  for 
the  reason  that  oftentimes  electricity  is  the  only  remedy  to  which  it 
yields*  Those  who  have  restricted  themselves  to  localised  elcctriation 
have  always  given  their  chief  attention  to  different  forms  of  motor  \^- 
alysis,  but  even  now  the  mipression  yet  lingers  that  it  is  about  the  oolj 
disease  for  which  electricity  is  indicated. 

All  forms  of  paralysis,  as  of  neuralgia,  may,  for  the  sake  of  conven- 
ience of  description  of  therapeutical  indications,  be  included  un^toat 
of  these  four  divisions  i — 

1.  ConstitutionaL 

2.  Central 
J.   Peripheral. 
4.  Reliex. 

Canstituthnal  Paralysis, — This  term  is  applied  to  those  paralyiW 
which  arise  from  some  blood- poison  or  constitutional  degeneration* 

Among  the  more  common  causes  of  this  variety  of  paralysis  nvay  be 
mentioned  hysteria  and  the  poisons  of  certain  diseases,  as  gout,  rt»cti- 
matism,  syi>hilis,  mineral  poisons,  as  lead  and  opium,  etc 

Rheumatic  Paraiysis,—\n  the  partial  but  persistent  paralysis  thij 
occasionally  follows  subacute  muscular  rheumatism,  faradi^atioQ  hii 
proved  exceedingly  efficacioiis.     The  muscles  most  frequently  aiSected 
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\y  rheumatic  paralysis  are  the  deltoid  and  traj^ezius  (in  cor»sequctice 
of  which  it  bccon>cs  impossible  or  difficult  to  lift  the  ami  from  the  side), 
,  Ihe  extensor  muscles  of  the  forearm,  the  muscles  of  the  lower  extrem- 
ities, and  occasionally  the  inter-ossei  and  lumbricales  muscles. 

Mlecin^JJmgn^sis —  TnaimenL — The  electro -muscular  contractility 
II  recent  cases  is  normal ;  in  long-standing  cases,  din>inished.  General 
IS  well  as  purely  local  treatment  is  frequently  required  in  paralysis  of 
L  rheumatic  origin,  in  order  to  combat  the  rheumatism  in  the  constitu- 
Soa,  as  well  as  its  local  manifestations  (see  chapter  on  Rheumatism). 

In  this,  as  in  other  fomis  of  paralysis,  atrophy  of  the  muscular  tissue 
IKicurs  after  a  certain  length  of  lime.  It  is  extremely  important  to  begin 
reatmeot  before  the  muscles  become  thus  affected.  In  cases  of  rheu- 
latic  paralysis,  where  the  invasion  has  been  sudden  and  the  pain  con 
iderable,  electric  excitation  jiroduces  pain  ;  but  where  the  invasion  has 
^en  more  gradual  and  unattended  by  pain,  electric  excitadon  causes 

ry  little,  if  any  sensation* 

^Ukmmaik  paralyiit  of  dtUM,  of  stutral  mantki  standing— -kecovery  unJgr  gfn^rm 

and  hcaiiMfd  faradiMtihm. 

Case  LIL — A  patient,  a  young  lariy  agcl  2j,  had  been  utiihleto  raise  her  haod 
h>m  her  side  for  several  montb%     Ttic  accer.s  wf  the  rheumatism  was  gradual,  and 

laltctidtd  by  ftcute  pain,  excepting  when  pressure  was  made  over  the  alTected  mus- 
sJc,  or  when  *he  aitempted  to  raise  the  aim.     An  applitation  of  the  raradic  current 

iusoi  |3ain  only  when  it  was  sufEciently  intense  to  iirtxluee  contractions. 

The  fnii-scie  rapidly  became  less  sensitive  to  the  inllueiice  of  ihe  current,  and 
gradually  reguoed  ite  lost  power.  The  restoratloEi  of  slrength  was  complete  iu  two 
weeks. 

We  have  treated  quite  a  number  of  cases  of  rheumatic  paralysis  of 
fte  deltoid,  the  trapezius,  and  of  the  lower  extremities,  and  usually 
ifith  the  most  satisfactory  results.  Electricity  is  always  indicated  in 
bis  condition,  and  few  cases,  doubdess,  would  fail  to  improve,  even  if 
hey  do  not  recover  under  its  in  line  nee. 

Syphilitic  Paralysis, — Syphilitic  nervous  affections  may  exist  eithei 
with  or  witlioui  apiireciable  structural  change.     Paralysis  which  results 

3m  secondary  syphilis  may  derive  benefit  from  electrical  treatment. 

The  principles  and  method  of  treatment  are  the  same  as  for  rheu- 
matic paralysis.     There  is  as  yet  no  evidence  that  general  faradization 

central  galvanization  have  any  special  influence  over  the  syphiUtic 
:>ison ;  they  act  as  general  tonics  and  thus  help  the  system  to  contend 
ritli  the  disease. 

LiOil  Paralysii,-^\n  slow  poisoning  by  lead  the  metal  becomes  dif- 
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fused  throughout  the  whole  system,  and  exerts  its  influence,  though  b 

in  unequal  degree,  on  every  nerve  and  organ. 

As  is  well  known,  however,  the  upper  extremities  are  most  frequently 
affected  by  paralysis  (more  or  less  complete).  The  muscles  usuaUy 
affected  are  the  extensors  of  the  hands  and  fingers,  so  that  they  hang 
down  by  their  own  weight.  It  is  probable  that  these  muscles  arf 
chielly  affected  in  this  disease,  as  in  hemiplegia,  because  they  are  weakci 
and  operate  at  a  great  mechanical  disadvantage. 

Electro  Diagnosis  and  Treatment. — ^The  electro-muscular  contractil- 
ity of  the  affected  part,  in  this  form  of  paralysis,  is  always  diminished; 
and  frequently  it  is  entirely  lost,  even  in  cases  where  there  is  little  or 
no  atrophy  of  the  muscles.  The  electro-muscular  sensibility  is  usually 
unimpaired.  Diplegic  contractions  may  appear  in  this  disease.  Ao 
cording  to  Hitiiig,  mobihty  in  cases  of  lead  poisoning  is  lost  before 
electric  contractility. 

If  the  electro-muscu!ar  contractility  is  completely  lost,  it  is  better  to 
apply  a  mild  galvanic  current  to  the  paralyzed  part  for  a  few  minutes 
before  the  faradic  is  made  use  of.  The  latter  current  should  be  used 
daily,  and  not  longer  than  ten  or  fifteen  minutes  at  each  sitting.  As 
soon  as  the  slightest  contractions  are  produced  by  the  faradic  current, 
the  galvanic  maybe  discontinued.  \\\  some  cases  we  have  thought  thai 
the  galvanic  current  answered  better  than  the  faradic,  even  when  the 
umscles  respond  to  the  faradic. 


Liod paralysis  i^f  nine  months^  standing  dropped  wrisis— Approximate  rtcavtry  i 
hcalited  gatvaniiaiioH  and faradiuUian* 

Case  LlfL — F.  H,,  aged  24,  afflicted  with  lead  paralysis,  gave  the  following  his- 
tory :  For  several  years  be  had  worked  almost  constantly  m  lead,  and  about  nine  iiiODths 
prior  to  Ins  appliGalioo  for  relief  he  became  obslinaiely  constipated,  sulTercd  from  vague 
pams  in  the  legs,  shoulders,  and  over  the  body  generally,  and  in  a  short  time  he  observed 
t  decided  lameness  in  the  wrists.  He  gradually  became  worse,  until  he  found  it  impo&- 
sibtc  to  raise  the  right  hand  at  all,  and  over  the  little  linger  of  the  left  band  he  had 
but  little  controL 

No  contractions  of  the  aflected  muiiclcs  followed  localized  faradization ;  the  gal- 
vanic current  produced  sHght  contractions. 

The  patient  was  treated  for  some  weeks  by  a  galvanic  current*  just  luflfidcnt  la 
ftrength  to  produce  slight  mitscuiar  motion  \  and  subsequently,  when  tbe  fiu-aJic  car^ 
rent  was  tried,  the  muscles  reacted  appreciably  to  \u 

The  treatment  was  kept  up  for  two  months  and  resulted  m  an  approxioiale  retura 
of  the  normal  strength  to  the  affected  parts. 

Paralysis  from  Opium,  Stramonium^  Arsenic^  etd — In  desperate 
cases  of  poisoning  by  opium,  elecuicity  has  been  repeatedly  used  with 
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success.  The  method  of  artificial  respiration  may  be  used  (see  chaptef 
on  Artificial  Respiration). 

After  recovering  consciousness  from  severe  poisooing  by  opium,  oi 
Other  poisons,  the  various  limbs  of  the  body  are  occasionally  left  in  a 
permanently  paralyzed  condition  that  persistently  resists  all  the  efforts 
of  nature  and  medicine.  Two  such  cases  have  fallen  under  our  obser- 
vation* 

Pariiai  paralysis  of  upptr  and  Urwtr  iimbs,  caused  by  an  ovtrdase  of  opium — /jh* 
Provenunt  under  general  faradtzatiittu 

Cask  LIV.— A  little  boy,  some  eight  yeari>  of  age,  was  presented  to  us  suffering 

^from  pailial  paraly^iis  of  the  lower  limhs,  and,  Id  a  Icssdegrce^  of  both  arms  also.  He 
cDUld  walk  only  with  the  assistance  of  another,  and  then  with  an  uncertain,  staggering 
gait.  His  legs  were  remarkably  small  and  cold^  his  bowels  continually  constipatetl, 
and  his  general  condition  feeble.  When  but  three  years  old^  his  nurse  on  one  occa- 
sion administered  to  him  by  mistake  a  teaspoonful  of  the  tincture  of  opium. 

By  persistent  efforts  only  was  his  life  saved  ;  but  the  shock  to  hts  nervous  system 
was  so  great  that^  for  one  year  after,  both  legs  were  completely  paralyied.  Finally 
he  regained  a  portion  of  strength,  until  he  reached  the  condition  already  described. 

The  electro-muscular  contractility  and  electro-sensibility^  not  only  of  the  limbs,  but 
of  ihe  entire  boily,  was  much  improved.  The  boy  could  bear,  without  pain,  a  fara- 
dic  current  of  sufEcient  mtensity  to  prostrate  a  grown  person  in  ordinary  health.    The 

t5r»t  general  application  seemed  to  benefit  him. 
He  felt  ligliter  and  better.  Six  subset^uent  stances  increased  his  appetite,  percepti- 
bly augmented  his  strength,  and  relieved  his  conMipation.  At  this  time  hb  legi 
begao  to  feel  somewhat  warmer,  while  he  was  unable  to  bear  a  current  of  as  great 
imensily  as  before.  The  patient  was  under  treatment  some  two  months,  and  received 
about  twenty-five  appHcationiw  The  temperature  of  his  legs^  and  of  his  whole  bodyi 
had  vciv  decidedly  improved. 

His  legs  had  grown  larger^  and  when  he  discontinued  treatmcat  his  general  health 
waft  fair,  and  his  gait  nearly  normat 

t  Hysterical  Paralysis, — The  hysterical  form  of  paralysis  is  constitu- 
tional, because  the  entire  central  nervous  system  is  degenerated  into  a 
Condi  tioti  of  abnormal  susceptibility  (see  chapter  on  Hysteria  and  allied 
Affections). 

Electro-Diagnosis, — In  this  form  of  paralysis,  the  electro-muscular 
contractility  in  recent  cases  is  unimpaired  ;  in  old  cases  it  may  be  im- 
paired or  lost,  or  the  electro-sensibiUty  may  be  very  much  blunted* 
tMplegic  contractions  sometimes  appear  in  hysteria.  The  loss  of  power 
is  usually  incomplete,  and  sooner  or  later  recovery  usually  takes 
place. 

Treatment. — The  disease  is  constitutional  and  demands  general  ai 
well  as  local  treatment.     It  many  instances  general  faradization  prO' 
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motes  rapid  recovery ;  oUier  cases  are  very  rebellious  and  only  imprwt 
up  to  a  certain  point.  The  general  treatment  may  be  combined  wilh 
central  galvanization  and  faradiiation  of  the  affected  part* 

The  following  case  is  an  example  of  its  influence  in  the  tranmt 
form  of  this  affection  : — 

ffysUrkal  paralysis  of  right  arm — Atiaeks  frefuently  rtpmitd^ImmidiaU  rttuj 
from  lacaiittd faraditation* 

Case  LV. — A  young  lady,  of  an  excessiTciy  nervoas  organumtioa«  wa$  &7q[oall)f 
subject  to  hysterical  attacks,  when  one  of  her  amis  (generally  the  right)  alwtjr* 
became  |3crfcctly  anaesthetic  and  almost  powerless^  As  a  rule,  her  arm  lemaiDcd  ii 
this  condition  about  an  hour. 

On  one  occasion,  immediately  after  an  attack,  a  powerful  faradic  current  was  di 
recced  for  two  minutes  through  the  arm,  from  the  wrist  to  the  shoulder,  cooptetel; 
dissipating  the  an.^sthesia  ajid  resturing  the  lost  power.  Many  siixular  appHatiusi, 
during  subsequent  attacks,  invariably  produced  the  same  result, 

GtHtrai  paraiyiis  of  an  hysterical  character^  with  loss  of  motion  of  Both  tki  nfpef 
and  lower  iimhs,  and  severe  atrophy  of  the  musdes  of  the  upper  limhs — Remark 
able  symptoms —  Very  great  improvement  but  not  ahsoltUe  r^mftry  under  peri fiff^ 
attd  centra  i  galzniHisatian, 

Cask  LVI.-^Mrs.  S.,  of  Staten  Island,  aged   41,  was  the  most  reaiarkabk  Jills' 
trmtion  of  the  eilicacy  of  galvanization  in  paralysis  tliat  has  ever  failai  under  ouf  flb^- 
vattott.     The  patient  first  came  under  our  care  Scfit.  25,  1S68.     Nine  roontb  befoit 
she  suffered  a  miscarriage  that  had  left  her  in  a  condition  of  utter  helplessncst^    8ot^ 
tipper  and  lower  limbs  were  completely  paraljied,  the  only  power  reinainiiig  b«i*C  • 
slight  Itmiteti  movement  of  the  fingers.     The  hands  were  permanently  extended,  ll» 
inter -ossei  greatly  atrophied,  and  the  muscles  of  the  arm  and  forearm  were »  mack 
fthninken  thaE  the  circumference  of  the  arm  was  dimtniiihed  to  the  extent  ofbetwAl 
one  and  two  inches.     The  lower  limbs  were  absolutely  motionless — ^not  a  oniKk 
gave  even  the  feeblest  resjxinsc  to  the  wilL     The  musclei  of  the  lower  limbi  were  bA 
little  atrophied  even  below  the  knee*,  but  the  skin  presented  a  peculiar  glos^'P' 
pearancc  that  is  associated  with  greatly  impaired  nutrition,  which  has  been  dscril)*'* 
by  Drt  Mitchell,  Morehouse,  and  Keen**     There  was,  however,  no  pain,  whi^^ 
these  physicians  found  to  he  an  invariable  accompaniment  of  glossy  skin  that  result^ 
from  injury  to  a  nerve.     The  appearance  of  the  skin  may  be  best  understood  hy  co***^ 
paring  it  to  a  cicatriied  wound.     This  appearance  was  most  marked  below  the  knc^^^^ 
Both  upper  and  lower  limbs  were  very  cold  and  rery  sensitive  to  cold.      There  whm  ^^^ 
loss  of  power  oper  the  bladder  or  rectum.     Appetite  and  digestion  were  good, 
ihcre  w*»  some  dyspnnea.     The  patient  also  slept  well  usually,  although  compdld 
■  He  constantly  on  her  back  unless  she  was  turned  over.     The  important  feature  of 
case  was  the  remarkably  healthful  performance  of  most  i»f  the  vital  functioni^ 
{otned  with  absolute  helplessness.    As  the  little  motion  of  her  6ngers  was  not 
to  enable  her  to  grasp  even  the  lightest  object,  it  was  necessary  for  the  nurse  to 

•  Gunshot  Wounds^  and  other  Injuries  of  Nerves^     1864.    Pp.    79^  8o> 


CASES  OF  PARALYSIS. 


457 


h«r.  PoDy  she  was  lided  out  of  bed  and  placed  in  an  invalid's  cluir  that  could  be 
lowered  into  a  horizanlal  position.  To  sit  up  in  an  ordinary  chair  was  inj possible, 
sinoe  tlie  6eidon  of  her  limbs  caused  uii))eiLra]ile  paitis  in  the  joints. 

The  brain  was  usuoJly  clear,  though  the  mcoiory  had  been  somewhat  impaired, 
Tbe  patient  was  surprisingly  buoyant ;  but  sustained  mental  extortion,  even  the  read- 
ing of  a  ihort  paragraph,  was  followed  by  sensations  of  wearinefla. 

The  pAtient  was  of  a  nervous  constitution,  hod  never  been  capable  of  great  exertion 
and  for  a  long  time  before  the  attadc  had  complained  of  numbness,  tingling,  and  olhei 
prenionitory  symptoms. 

EUetric  examinaiion  showed,  as  was  expected,  absolute  loss  of  electro* muscular 
con  tract  ility,  in  both  the  upper  and  lower  limbs,  to  the  foradic  current.  A  strong 
galvanic  current  produced  feeble  contractions  in  the  extefisors  and  flexors  of  the  fore* 
arms,  but  none  wliatever  of  the  muscles  of  the  lower  limbs^  There  was  also  very 
great  omesthesia.  Analgesia  existed  in  the  lower  limbs.  In  the  arm5>,  forearms,  and 
fingers,  there  was  excessive  hyperttsthesia  of  tfu  sense  of  toueh,  con  joined  with  deciiied 
analgesia.  A  tolerably  strong  current  localaed  in  the  muscles  was  not  {gainful,  but 
the  slightest  touch  on  the  surface  was  unpleasant.  Two  important  features  of  the 
case  were  refiex  spasnts  of  iJu  muscles  of  tht  l<nver  limbs  during  tie(iri%aii&tt^  and  a 
ptntiiar  sensatian  through  the  whole  nervous  ramification  after  electrization.  The 
patioit  compared  it  to  **  waves  of  sensation  '*  rolling  up  and  down  the  limbs.  •  Thii 
icnsation  was  sometimes  felt  one  or  two  days  after  the  application. 

Taking  into  consideration  all  the  facts  of  the  case — the  completeness  of  the  paralyas. 
the  loss  of  muscular  contractility,  the  absence  of  pain  in  the  limbs  or  in  the  spine,  the 
absence  of  any  morbid  symptoms  in  the  rectum  or  bladder,  or  of  a  feeling  of  constriction 
in  the  abdomen^  the  absence  of  spinal  tenderne^,  or  of  a  sensation  of  pain  when  ice  or 
hot  water  were  applied  to  the  back^  and  the  various  and  peculiar  behavior  under  elec- 
triaation,  we  concluded  that  the  case  was  one  of  a  hysterical  character. 

The  treatment  consisted  chietly  in  central  and  locaiiied  electrization  three  times  a 
week.  Both  methods  were  used  at  the  same  sitting.  At  first  the  faradic  current  was 
u^!«d,  but  without  making  any  impression  on  the  disease.  The  Brst  application  of  the 
^vanic  current  took  immediate  effect.  Tbe  next  day  the  patient  could  raise  both  of 
her  lower  limbs  six  inches  from  the  horizontal,  as  she  lay  in  her  chair.  The  improve- 
ment was  permanent  and  progressive.  Another  singular  feature  was  that»  in  spite  of 
her  weakness  and  helplessness,  the  patient  could  and  did  Ijear  with  benefit  protracted 
applications.  In  order  to  bring  the  whole  body  under  the  inliuence  of  the  current  at 
one  silting,  and  at  the  same  time  to  give  the  needful  attention  to  the  affected  musdei 
and  groups  of  muscles^  the  sittings  were  sometimes  double  the  average  length. 

Improvement  in  the  upper  Limbs  followed  improvement  in  the  lower.  The  exten* 
fiors  and  flexors  of  the  arm  and  forearm  fioon  began  to  restime  their  contractility  undet 
the  faradic  current. 

January,  1869,  the  patient  hod  steadily  progressed  from  day  to  day.  Although 
healthful  contractions  were  not  obtained  in  the  muscles  below  the  knee,  even  undet 
tbe  galvanic  current j  yet  the  skin  had  a  less  glossy  appearance,  and  the  power  of  mo- 
tion had  greatly  increased* 

The  improvement  in  tbe  arms,  though  at  first  itow,  waa  subsequently  more  rapid  b 


•  One  of  the  authori  has  experienced  a  precisely  similar  Eensation  through  the  bratii, 
pinal  cordp  and  all  the  ramifications  of  the  nerves,  after  an  overdose  of  haslrffih. 
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the  ttpp^  tlian  bthc  lower  limbs.  By  Jan.  f,  both  the  arms  and  foreanns  had  per 
ceptibly  lulargcd,  as  was  also  shown  by  ineasurcmcrat*  The  patient  could  handk 
light  objects,  and  was  brginnmg,  in  an  awkward  way,  to  feed  herself.  She  couJjd  at 
in  nearly  a  natural  poiitiou  in  bcr  chair,  and  when  well  supported  could  stand  for  as 
in&tanl. 

Feb,  I,  1869,  the  treatment  was  abandoned,  because  the  patient  seemed  for  the 
time  to  remain  stationary.  At  that  time  she  had  increased  in  weight  to  the  extent^  it 
is  just  to  estimate,  of  twenty-five  pounds,  although  the  patient  was  not  weighed.  She 
was  able  to  read  short  paragraphs,  and  took  her  book  or  paper  daily. 

On  account  of  the  weakness  of  the  peronei  mu^es  of  the  right  leg,  the  foot  bad 
all  along  exhibited  a  tendency  to  turn  in.     This  s)'mptom  did  not  improve. 

After  the  treatment  was  discontinued,  the  patient  ^till  progressed. 

When  last  seen,  August  1870,  she  had  gained  from  thirty  to  forty  pounds  in  wcigfaW 
had  nearly  full  use  of  her  arms  and  hands,  which  had  regained  their  full  size«  and  waa 
able  to  step  with  assistance,  and  appeared  to  be  prevented  from  walking  atone  only  by 
giddiness.     She  cotdd  read  for  hours  at  a  lime  without  excessive  fatigue. 

The  improvement  in  the  last  few  months  bad  been  greatly  aided  by  systematic  rob- 
bing and  movements. 

In  the  above  extraordinary  case  the  record  was  never  complete,  but 
the  results  of  treatment  were  most  interesting  and  remarkable. 

Central  Paralysis. — Central  paralyses  are  those  which  depend  on 
sojne  special  and  distinct  morbid  condition  of  the  brain,  spinal  cord,  or 
syni])athetic. 

Heimplegia  and  paraplegia,  with  their  complications,  are  the  tjiore 
frequent  and  injportant  manifestations  of  paralysis  of  central  origin. 

When  the  morbkl  process  is  in  the  central  ganglia,  the  reaction  may 
be  either  normal,  or  increased  or  decreased. 

When  diz£iness  is  excited  by  a  very  iiiikl  galvanic  current,  there  is 
reason  to  suspect  some  morbid  process  within  the  brain.  The  diagno- 
sis of  the  diseases  of  the  brain  with  which  hemiplegia  is  associated  is 
much  aided  by  the  ophthalmoscope,  which  frequently  reveals  changes 
in  the  optic  disk,  the  retina,  the  choroid,  and  the  blood-vessels.  Cere- 
bral  effusion  may  be  indicated  by  congestion  or  infiltration  of  the  optic 
diibks  on  the  side  on  which  the  clot  exists ;  tumors  0/  the  train  by  neu* 
ritis,  neuro-retinitis,  and  ischaemia ;  softening  occasionally  by  neuritis 
or  atrophy. 

Progrwiis. — The  prognosis  of  hemiplegia  under  treatment  by  elec- 
tricity is  in  general  much  better  than  has  been  supposed.  Manifestly, 
everything  de[)ends  on  the  nature  and  seat  of  the  affection  as  well  as 
on  the  age  and  constitution  of  the  patient 

The  prognosis  is  better  in  proportion  as  the  symptoms  are  unconv 
plicated  ;  better  in  the  young  and  midrile-aged  than  in  the  oUL  Cases 
thai  are  so  thi^roughly  cured  as  to  leave  no  marks  behind  are  exceptional 
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Th€  improvtmint^  however  rapidly  it  may  progress  at  firsts  usually  stop^ 
at  some  point  sh^rt  of  a  perfect  cure.  The  majority  of  cases  can  be* 
benefited,  sometimes  rapidly  benefited^  up  to  a  certain  point,  after  which 
the  improvement  cannot  be  pushed  by  any  amount  of  treatment.  It  is 
furthermore  always  necessary  to  bear  in  mind  the  liability  to  othei 
attacks  ;  very  many  cases  are  improved  at  once  and  rapidly,  while  with 
others  the  progress  is  almost  Imperceptibly  slow. 
I  In  psychical  symptoms  (melancholia,  hypochondria,  etc.),  the  progna 
SIS  is  often  quite  favorable.  A  persistence  of  these  psychical  com  plica 
lions,  even  when  other  symptoms  appear  to  yield,  we  have  come  to 
regard  as  an  unfavorable  sign. 

In  anctsthesia^  when  uncomplicated  with  other  symptoms,  the  prog* 
nosis  is  remarkably  good,  even  when  variously  complicated  with  paraly- 
sis of  motion  or  disorder  of  the  cranial  nerves,  and  the  anaesthesia  majr 
yield,  even  though  its  associated  symptoms  are  not  affected. 

In  severe  disorders  of  speech  the  prognosis  is  not  very  favorable. 

rhey  are,  however,  susceptible  of  treatment. 
In  impairment  of  nutrition — the  muscular  atrophy  that  so  frequently 
accompanies  hemiplegia — the  prognosis,  especially  when  the  cases  have 
not  been  too  long  neglected,  is  oftenthnes  exceedingly  favorable.  After 
the  affected  lower  limbs  have  become  much  reduced,  they  may  by  per- 
severing faradization  and  galvanization  be  restored  to  their  normal  size. 
In  contractions  of  muscles  and  convulsions,  the  prognosis  is  unfavoi- 
able. 

tin  disorders  of  bladder  and  rectum,  the  prognosis  is  not  very  favorable. 
In  affections  of  the  joints  the  prognosis  is  not  very  favorable. 
'  In  cases  comphcated  with  hysteria  or  hysterical  symptoms  the  prog* 
nosis  is  better  than  in  cases  not  so  complicated.  In  very  strong  and 
vigorous  persons  of  coarse  organization  the  prognosis  is  generally  not  sc 
good  as  in  the  nervous  organization. 

Other  conditions  being  the  same,  the  prognosis  is  much  belter  for 
those  cases  where  the  arm  is  not  affected ;  and  when  both  the  arm  and 
leg  are  affected,  the  leg  is  susceptible  of  the  earliest  and  greatest  im- 
provement. The  chief  difficulty  in  the  hand  is  usually  with  the  exten* 
tors  and  tnier-ossei,  which,  being  very  long  and  weak  muscles,  and  act- 
ing as  they  do  at  the  worst  power  of  the  lever,  are  the  greatest  sufferers 
in  hemiplegia,  and  are  very  slow  to  resume  their  normal  functions. 

It  should  always  be  borne  in  mind  that  the  tendency  of  the  disease  is 
toward  recovery  up  to  a  certain  extent,  and  that  the  improvement  which 
takes  place  in  the  early  stages,  sometimes  very  rapidly,  is  partly  due  to 
oattire  and  time. 


46o 


TREATMENT  OF  CENTRAL  PARALYSIS. 


Electrical  Treatment. — Diseases  of  the  brain  of  ihe  different  varieties 
are  to  be  treated  by  both  general  and  localized  faradization  accordinj! 
to  the  indications  of  each  case.  General  faradization  is  frequently  in- 
dicated in  hemiplegia  as  in  other  manifestations  of  disease  of  the  bniu, 
on  account  of  the  general  debility  of  the  functions  that  accomfamts 
and  follows  an  attack  of  disease  of  the  brain.  It  improves  the  general 
nutrition. 

Central  galvanization  with  a  very  mild  current  is  a  method  of  treat- 
ment that  is  o{  great  service  in  these  conditions.  The  special  form  and 
locality  of  the  galvanization  will  depend  on  the  supposed  locality  of  the 
disease. 

It  is  well  to  use  central  galvanization  alternately  wth  general  or 
localized  faradization. 

There  is  little  doubt  that  this  method  of  treatment,  when  not  over- 
done,  acts  beneficially  on  the  nutrition  of  the  brain,  directly  bv  tbc 
passage  of  the  current  through  the  bruin,  and  indirectly  through  the 
modification  of  the  cerebral  circulation  by  the  irritatioD  of  the  synji^' 
thetic* 

It  must  be  confessed,  however,  tliat  the  exclusive  wse  of  central  gal- 
vanization in  cranial  disorder  is  far  from  being  satisfactory,  andfortlies* 
four  reasons  :  First.  With  all  our  improved  means  of  diagnosis  it  ii 
impossible  to  fix  with  anything  more  than  approximate  certainty  iHc 
seat  or  even  the  nature  of  the  morbid  process  in  diseases  of  the  brain  \ 
hence,  all  localization  of  the  galvanic  current  in  this  or  that  part  of  the 
head  must  at  best  be  empirical  and  tentative.  Secondly,  it  is  in)- 
possible  to  localize  the  galvanic  current  entirely  in  any  small  portion  of 
the  brain.  Thirdly,  Diseases  of  the  brain  are  usually  acconipmnl 
and  followed  by  general  feebleness  that  demands  constitutional  treat- 
ment, kn^  fourthly,  the  paralysis  will  not  jield  to  merely  central  treat- 
ment directed  to  the  seat  of  the  disease,  but  must  be  treated  itself,  I" 
hemiplegia  also  the  spinal  cord  becomes  affected  through  disease  ;  hence 
the  theoretical  indication  for  galvanization  of  the  spine,  or,  better  ^iH. 
the  entire  method  of  central  galvanization. 

General  faradization,  thoroiighly  used,  affects  all  parts  of  the  brain  auii 
the  sympathetic  at  each  application,  and  in  addition  powerfully  3,tw^ 
beneficially  affects  the  entire  periphery.     The  improvement  which  tt 
acquired  by  the  extremities  and  by  all  the  superficial  muscles,  and  by 
the  viscera  especially^  under  general  faradization,  we   believe,  reQch 
favorably  on  the  brain  and  aids  the  reparative  process.  Our  best  resuiti 
thus  far  have  been  obtained  by  the  combination  of  localised  far adi%aiim 
tif  the  paralyzed  muscles,  general  faradisation  ^  and  central  ^ali^anisahm 
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In  the  majority  jf  cases  of  hemiplegia  the  muscles  are  not  so  badly 
paralyzed  that  they  will  not  readily  contract  during  the  process  of  general 
faradizatioQ.  Localized  faradization  with  careful  and  special  reference 
to  the  motor  points  is  therefore  not  necessary,  and  as  general  faradiza- 
lion  acts  more  or  less  on  the  spinal  cord,  which  is  secondarily  affected, 
and  on  the  whole  system,  which  in  time  becomes  debilitated,  as  well  as 
on  the  paralyzed  muscles,  it  is  well  oftentimes  to  use  that  method  in 
connection  with  localized  faradization  or  in  preference  to  it 

In  regard  to  the  comparative  merits  of  central  galvanization,  periph- 
eral and  general  faradization,  and  localized  galvanization  of  die  nerve- 
centres,  in  hemiplegia,  we  should  say  decidedly  that  the  latter  nietho<3— 
localiited  galvanization  of  the  brain,  sympathetic,  and  spinal  cord — is  the 
least  important.  By  itself  alone,  unaided  by  other  methods,  it  will  ac- 
^vcomplish  but  a  little.  It  comes  in  very  well,  however,  to  supplement 
^  other  methods,  and  may  be  used  in  connection  with  them.  The  full 
rnetbod  of  central  galvanization,  however,  by  acting  thoroughly  on  the 
whole  central  nervous  system,  accomplishes  much  in  hemiplegia,  and 
may  carry  on  the  im[)rovement  after  peripheral  and  general  faradization 
have  finished  tiieir  work  and  lost  their  efficacy. 

Time  af  beginning  Treatment.— \t\  regard  to  the  time  of  beginning 
treatment  after  an  attack  of  hemiplegia^  each  case  must  be  studied  by 
B  itself.     As  a  ntle,  it  is  better  to  wait  two  or  three  weeks,  until  the  active 
^■taltation  in  the  brain  has  in  a  measure  subsided.     The  almost  univer* 
^Htfliy  entertained  idea,  that  it  is  better  in  all  cases  to  wait  three,  four,  or 
six  months,  until  the  muscles  have  been  long  atrophied  and  contracted, 
and  the  shoulder-joint  become  perhaps  permanently  immovable,  before 
beginning  electrical  treatment,  is  one  of  the  most  serious  errors  of  electro- 
therapeutics.    If  proper  caution  be  used,  it  is  never  necessary  to  injure 
the  patient  at  any  stage  of  the  disease.     Cases  that  are  taken  early  may 
be  treated  at  first  by  exchtsively  localized  faradization  ;  and  afterwards, 
when  that  has  accomplished  all  that  it  can  and  the  patient  ceases  to 
progress,  it  may  be  well  to  resort  to  general  faradization  and  central 
galvanization.     Electrization  of  the  facial  muscles  on  the  affected  side 
sometimes  materially  aids  the  speech,  but  it   may  cause  unpleasant 
symptoms,  and  in  the  early  stages  especially  should  be  avoided.     Mi!d 
galvanization  may  sometimes  be  used  before  faradization  of  the  muscles. 
Accessories  to  Electrical  Treatment  of  Paralysis, — The  treatment  of 
paralysis  of  all  kinds  by  electricity  may  be  greatly  aided  by  observing 
.the  lollowing  rules : 

I.  Thoroughly  soak  the  part  with  wann  water  before  beginning  treat 
mc'^t.     When  this  is  done  a  much  feebler  current  will  produce  contrao 
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lionfl  and  the  contractions  will  be  more  active,  and  some  muscles  wih 
readily  contract  which  otherwise  would  not  contract  at  alL 

The  skin  when  dry  is,  as  we  have  seen  (Electro-Physiology,  p.ioS),  a 
poor  conductoTj  and  in  proportion  as  it  becomes  thoroughly  moistened 
in  that  proportion  does  its  conductivity  increase, 

2.  Relax  the  muscles  when  the  application  is  made.  The  advan- 
tage of  the  observance  of  this  rule  is  decided  (see  Electro- Physiology, 
pt47). 

In  treating  paralysis  of  the  extensor  muscles  of  the  hand,  for  example, 
flex  the  hand  backward  a  little  and  then  relax  the  extensor  muscles.  In 
treating  paralysis  of  the  peronei  nmscles  of  the  leg,  raise  the  foot  so  as  to 
relax  these  muscles  and  the  tibialis  anticus.  The  muscles  of  the  thigh 
are  most  relaxed  when  the  patient  is  sitting,  and  most  tense  when  the 
patient  stands.  In  treating  paralysis  of  the  face,  draw  back  the  muscles 
of  the  affected  side  toward  the  ear.  Dr.  C.  E,  Detmold  has  suggested 
the  use  of  a  blunt,  curved  wire.  This  wire  is  placed  in  the  corner  of 
the  mouth  and  the  other  end  is  attached  by  an  elastic  to  a  curved  wire 
behind  the  ear.  This  contrivance  may  be  worn  not  only  during  treat- 
menti  but  at  night,  if  it  be  not  too  disagreeable,  and  an  hour  or  so 
during  the  day. 

For  keeping  the  hand  raised  in  lead  paralysis,  Dr,  Geo.  Van  Bibber^ 
of  Baltimore,  has  devised  a  contrivance  consisting  of  Sayre's  axttficiai 
rubber  muscle  connected  by  eyelets  to  elastic  bands  attached  by  ad- 
hesive plaster  to  the  arm  above  the  elbow  at  one  extremity,  and  at  the 
other  extremity  to  the  hand  and  fingers. 

Dr,  Van  Bibber  has  utilized  the  same  principle  in  the  treatment  of 
ptosis.  In  order  to  hold  up  the  lid  he  appHes  a  narrow  bit  of  adhesive 
plaster  to  the  forehead,  and  to  the  lid  itself. 

3.  Enlist  the  mental  co-operation  of  the  patient  in  the  treatment.  Let 
htm  try  to  move  the  paralyzed  muscles  at  the  very  moment  that  the  cur- 
rent is  applied.  Concentration  of  will  alone  is  sufficient  to  help  par- 
alysis, as  has  been  proved  by  actual  experiment, 

4.  Passive  movements  of  the  limbs  at  the  joints,  massage,  and  mani- 
pulation of  individual  muscles.  The  joints  should  be  rotated  so  as  to 
combat  the  tendency  to  stiffness  and  the  kneading  of  the  muscles  should 
be  carefully  and  thoroughly  performed,  massage  and  passive  movenienta 
arc  usually  but  half  done. 

5.  Apply  dry  heat  to  the  affected  muscles  before  the  electricity  is  ap- 
plied, or  at  any  time  during  the  intervals.  This  can  be  done  in  various 
ways.  A  good  way  to  bring  a  paralyzed  arm  or  leg  under  the  prolonged 
mfluence  of  dry  heat  is  to  take  a  common  sewer-pipe  as  sold  in  the 
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Ops,  of  a  suitable  size  and  curvature,  heat  it  through  in  an  oven,  cover  it 
th  cloths  and  let  the  hrab  remain  in  it  until  the  heat  is  dissipated    In 
his  way  not  only  the  forearm  and  leg,  but  the  whole  ami,  including  the 
shoulder-joint  and  the  thigh  with  joint,  can  be  daily  subjected  to  the  ef- 
fect of  the  prolonged  heat.  This  treatment  not  only  temporarily  increases 
he  electro-muscular  contractility  of  the  paralyzed  muscles,  but  perma- 
■nently  improves  the  nutrition  both  of  the  muscles  and  of  the  stiffened 
joints.     Dr,  Charles  F,  Taylor  allows  his  paralyzed  patients  to  warn 
eir  paralyzed  limbs  in  a  hot  oven  arranged  for  that  purpose. 
All  the  above  suggestions  will  apply  to  the  treatment  of  every  form 
of  paralysis. 

J^ighi  htmipUgia  coming  on  gradually^  with  numBmss  and  coldntss  in  right  Ug; 
siighi  anejUhesia  of  right  hand^  and  considerable  anasth£iia  of  right  teg ;  somi 
diminution  of  electro -muicular  cantractiiiiy  in  right  ttg—^Gajtralgia,  insomnia^ 

I  and  great  mental  depression — Important  improvement  under  general  faradization 
atid peripheral  gah/anisation — Subsequent  renexoed  attack, 
Cksw.  LVIL--H*^fi.  Mr»  Caged  52,  for  many  years  United  States  Senator, 
|pa$  referred  to  us  OcLolier  1%  1S68,  by  Prof.  Austin  Flint  During  Uieexcitemeni  o{ 
Ithe  Impeachment  Trial  the  patient  whose  constitution  was  aJwayi  supposed  to  be  of 
the  strongest,  observed  a  feeling  of  coldness  of  the  right  leg  at  night.  I'hls  coldness, 
however,  was  not  very  marked,  since  his  attention  was  first  called  to  the  condition  by 
Ills  wife.  One  day,  while  in  Congress,  and  shortly  after  the  delivery  of  his  opinion  on 
Ihe  Impeachment,  he  experienced  a  slight  attack  of  hemiplegia,  which  he  endeavored 
to  walk  off. 

Before  coming  to  New  York,  he  had  received  the  very  pernicious  advice  to  Cake 
irigorous  and  se\Tre  muscular  exercise.  Actbg  u[)on  this  unfortunate  suggestion,  he 
Imd  seriously  injured  himself  at  the  exhausting  labor  of  chopping  wood.  He  grew  de- 
cidedly worse,  and  became  exceedingly  depressed.  Under  the  advice  and  medication 
administered  by  I  Vof.  Flint  he  had  measurably  improved,  and  at  the  time  we  first  saw 

*liim  there  was  a  tendency  toward  recovery.  He  complamed,  however,  of  persistent 
insomma,  considerable  gastralgia,  with  indigestion,  pain  in  the  lower  part  of  the  back, 
and  very  great  mental  depression. 

Electric  Examination, — Slight  an:esthesia  of  right  hand  ;  considerable  of  right  leg; 
some  diminution  of  electro-muscular  contractOity  in  the  muscles  above  the  knee  on  th« 
right  side  ;  no  diminution  of  electro- muscular  sensibility  j  the  volilional  power  of  th« 
muscles  was  intact,  and  the  patient  could  walk  a  considerable  distance. 

The  case  demanded  a  general  tonic  as  well  as  merely  local  treatment,  and  we  accord- 
ingly used  general  faradiiation  daily,  or  every  other  day,  occasionally  making  use  of 
galvanixalion.  It  was  not  long  before  improvement  was  manifest  in  all  the  leading 
lymptoaif.  He  soon  began  to  sleep  and  to  digest  better,  and  was  much  relieved  of 
the  pains  in  the  back.  At  the  end  of  five  weeks  the  patient  abandoned  treatment,  aiid 
to  far  improved  that  in  the  early  part  of  December  he  resumed  his  seat  in  Congress 
nnH  during  the  entire  winter  continued  in  the  exercise  of  his  official  duties^ 

While  under  treatment  by  electricity,  he  at  the  same  time  continued  the  use  of  bfo- 
mide  of  potassium  and  other  internal  remedies,  with  special  reerence  to  the  stomnch 
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III  the  spring  following  the  paiient  visited  Eurof^e,  where  he  wn^  enpigcd  to  pkxl 
in  a  cnse  ai  law.  The  exciiemem  brought  oa  a  ucw  atiack,  which  lefi  him  in  acwb- 
iliuon  of  dcs|x>ndency,  from  which,  however,  he  slowly  rallied.  He  aflerwftrdi  di^t 
of  another  disease. 

Ghsso-laryngeai Paralysis  {Glossopharyngeal  Paralysis), — ^Thc  ^w 
tinctive  features  of  this  affection  arc  paralysis  of  the  muscles  of 
the  tongue,  lips,  soft  palate,  and  also  of  the  pharynx  and  laryiw. 
There  is  difficulty  both  in  speaking  (especially  in  pronouncing  certain 
letters)  and  swallowing.  The  saliva  dribbles.  Food  is  saioctimw 
forced  into  the  nostrils  or  larynx.  In  the  last  stage  there  is  debility  and 
difficulty  of  respiration. 

Prognosis. — This  disease  is  believed  to  be  surely  fatal  in  a  few 
months.  Faradization  of  the  pharynx  and  tongue  is^  however^  of  essen- 
tial service  in  occasionally  relieving  the  difficulty  in  deglutition*  and 
also  some  of  the  other  symptoms. 


Gloss&'pharyngeal paralysis  of  mint  months  standing — GretU  dtJfUuliy  in  tfieniki 

iutii  swallmoing — Temporary  and  deddid  imprmfimtHt  undtr  faradiMl^mk  MMi 

foJvantMathn  of  tki  affected parU*. 

Cas^  LVIII, — Mr.  K.,  aged  43,  a  short,  stubby,  plethoric  (Serman.  consttftel  as 
May  iS,  1S67,  with  marked  and  typical  «;vmntOfn<  nfc^n^o*pharyngealpoialy^*'   ^^     I 
^ifiicuUy  of  speech  was  very  great,  and  any  attempt  to  read  was  cxcceriim^ly  hHicrcwi 
lib  especial  difficulty  was  in  pronouncing  certain  vowels,  as  a,  u,    In  b 

of  food  were  thrown  up  in  the  upper  and  posterior  pharyngeal  space,  aii  '"•• 

♦imcs  were  cx|jclted  through  the  nostrils. 

The  patient  rcrcrred  the  beginning;  of  his  symptom*  to  a  very  severe  cold. 

Three  localized  faradizations  were  followed  try  maniretit  improvement  in  most  of  tk 
symptoms,  and  especially  in  the  swaUowing. 

May  29,  galvanization  was  commenced,  and  was  continued  with  still  furtlier  imfffo^ 
nicnt  both  in  speaking  and  swallowing. 

Of  the  issue  of  the  case  we  have  never  heard. 

Gl&ss&'Pharyngeai  paralyshy  with  hemiplegia  of  left  side  of  three  year/  stsndii^ 
Chrom/r  pharyngitis — No  improvement  under  a  short  canrse  of  eteetrimttm 

Case  LIX,— Capt.  Georg;?  li  ,  aged  55,  consulted  us  on  (October  15,  tS64,  vhh 
symptoms  of  hemiplegia  and  glo5sodat>ial  paralysis.  Certain  fetters,  a*  h^  p,  HecW'W 
not  articulate,  and  conversation  was  a  matter  of  consideia.ile  diffiiruliy.  He  C39»M 
walkf  but  needed  assistance  in  ascending  stairs  or  crossing  Rtrcel*. 

The  accompanying  symptoms  were  in  every  w»y  discouraging.  The  patient  «l 
partially  insane.  Naturally  kind  and  genial,  he  had  become  exoesivcly  irritable  nM 
inconsiderate  ;  was  at  times  impatient  and  violent. 

Localizctl  and  general  faradization,  attempted  for  a  short  time,  proved  of  IIO  KmcKt] 
and  the  patient  %vas  not  encouraged  to  continue  treatment.      We  afterwiirds  Ic 
that  his  symptoms  gradually  became  worse,  in  spite  of  various  hydropathic,  ecpi 
tad  other  methods  of  cure  that  he  attempted,  aad  in  three  years  be  dieiL 
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We  do  not  presume  to  say  that  the  case  that  immediately  folloTWS  waa 
one  in  which  there  had  been  any  decided  atrophy  of  nerve  tissue,  and 
yet  all  the  symptoms  of  which  the  patient  complained  were  of  the  most 
persistent  and  distressing  type,  and  seemed  to  point  unmistakably  to 
structural  lesion.  If  there  was  no  decided  structural  change  present 
in  the  motor  roots  of  the  upper  portion  of  the  cord»  as  the  immediate 
cifects  of  the  treatment  would  seem  to  indicate,  the  case  affords  an 
instructive  illustration  of  those  purely  functional  conditions  that  occa- 
sionally simulate  with  such  exactness  incurable  diseases  of  organic 
origin. 

Rafid  rtemttry  of  a  supposed  tasi  0/  glosso^taryngeal  paraiyiii  ^ftkretyearf  stand* 
ing  under  gahfanisathn  0/  the  neck  and  upper  portion  of  the  ecrd. 

Case  LX. — Mn  P.,  a  gentleman  aged  45,  wassCiit  to  us  hy  Dr.  James  Anderson. 
Some  three  years  previously  the  patient  had  first  observed  a  s%ht  sense  of  sliflfnc^  \n 
the  tongue,  associated  wUh  a  feeling  of  constriction  in  the  pharynx  and  larynx.  Occa- 
donally  his  §peech  beoime  thick  and  hoarse  ;  some  words  were  pronounced  badly,  and 
he  found  \i  difEcult  to  contract  the  lips.  At  such  times  oartial  aphonia  was  present,  and 
when  he  attempted  to  convci^c,  the  effort  was  attendee,  with  a  degree  of  discomfort  if 
not  pain.  For  federal  months  these  symptoms  had  remained  stationary,  with  the 
addition  only  of  k»me  little  weakness  of  respiration. 

Finally,  however,  he  noticed  some  difficulty  in  the  act  of  deglutition,  which  in  the 
course  of  a  few  weeks  so  markedly  increased  as  to  threaten  suffocation.  He  dreadcfl 
every  attempt  at  eating,  and  frequently  in  the  place  of  his  regular  meal  he  would  take 
a  considerable  quantity  of  brandy,  the  stimulating  effects  of  which  would  uften  tempo* 
rarily  seem  to  restore  power  to  the  diseased  parts.  For  more  than  two  years  this 
patient  had  suffered  in  this  way.  Although  he  had  unceasingly  sought  relief,  every 
method  that  he  attempted  signally  failed  to  afford  the  slighieit  service.  On  applying 
for  clcctTical  treatment,  we  at  once  suhmiltetl  hira  to  a  mild  stance  of  central  galvani- 
tation,  after  which  a  ctirrent  of  somewhat  greater  strength  was  as  nearly  as  possible 
localized  in  the  upper  pcjrtion  of  the  cord  and  its  motor  roots.  This  accomplkhed 
nothing,  and  as  the  patient  gave  evidence  of  being  dccidetily  unsusceptible  to  ordinary 
electrical  influences,  we  at  tempt  etl  at  the  second  stance  to  localize  in  the  supf>osed 
leat  of  the  disease  a  current  from  15  cells,  gradually  increasing  it  to  25  cells. 

Considerable  vertigo  with  slight  spasmodic  contraction  of  the  lar}'nx  foUoweil,  last* 

■  Ing  sercral  minutes.  On  the  following  day  he  rejiorted  that  he  was  able  to  eat  with 
markedly  increased  comfort,  and  that  during  the  intervals  of  eating  he  felt  completely 
recovered.  Eight  similar  applications,  but  with  gradually  decreasing  strength  of  cur- 
rent^ were  follow*ed  Ijy  complete  recovery.  In  a  few  months  he  suffered  a  slight  relapse 
from  whidi  he  spjcedily  recovered  by  a  short  course  of  treatment.  Two  years  have 
dapsed  since  the  treatment,  and  the  patient  continues  wclL 

Jhsrafysis  of  the  muHtes  of  ike  neck  and  cMn  with  dysphagia — tfot  treated^ 

Case  LXL— Mr.  L.,  aged  60,  referred  to  us  by  Dr,  E.  R.  Peaslee,  was  paralyzed 
t^ht  muscles  supporting  the  head  and  chin  ;  dysphagia  was  marked,  and  legluiition 
|io  much  impaired  that  eating  was  attended  with  much  difficulty, 
3P 
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Our  diagnosis  was  central  lesion,  the  chief  expresdon  of  whi^h  was  aln^hf  ot 
the  motor  roots.  We  were  permit  led  lo  use  the  galvanic  current  but  about  three 
times. 

No  benefit  was  derived^  bat  a  further  trial  might  have  alleviated  the  symptoai 
•omewhat. 

Paralysis  of  Spinal  Origin — Paraplegia. — ^Thc  exact  differential 
diagnosis  of  the  various  morbid  conditions  of  the  spinal  cord  that  give 
rise  to  paraplegia  is  sometimes  a  matter  of  considerable  difficulty,  and 
for  these  two  reasons  ; — 

1.  All  known  morbid  conditions  of  the  cord  have  more  or  less  syinp' 
toms  in  common.  In  order  that  any  of  them  may  be  of  special  diag- 
nostic value,  it  is  necessary  that  they  should  be  taken  in  connection 
with  other  symptoms. 

2,  Many  of  the  morbid  conditions  of  the  cord  are  complicated  with 
each  other,  and  the  symptoms  must  be  correspondingly  complex.  Thui 
meningitis  may  exist  with  myelitis,  and  the  term  myelitis  itself  is  a  genus 
of  which  there  are  several  species.  It  is  difficult  to  draw  the  line  where 
irritation  ends  and  congestion  begins,  and  equally  difficult  to  determine 
at  what  stage  a  condition  of  hyperaemia  or  congestion  becomes  a  con- 
dition of  inflammation. 

Eiectr&-DiagTwsis. — ^In  the  early  stages  of  spinal  paraplegia  the  pi- 
vanic  and  faradic  reaction  may  be  normal^  but  in  the  course  of  a  few 
w*eeks  or  months  becomes  diminished.  In  most  of  the  cases  that  con* 
suit  the  physician  there  is  diminished  or  destroyed  electro-muscular  con- 
tractility. 

Electro-muscular  sensibility  is  usually  more  or  less  diminished*  Elec^ 
tro-muscular  contractility  is  usually  much  more  diminished  in  the  severe 
forms  of  paraplegia  than  in  hemiplegia.  In  cases  where  the  postcnof 
columns  are  affected  electro  anaesthesia  may  also  exist 

Treatment — In  hemiplegia,  as  we  have  seen,  the  electrical  treatment  i* 
substantially  the  same  whatever  the  nature  or  seat  of  the  cerebral  lesion. 
Similarly  in  paraplegia  the  treatment,  so  far  as  electricity  isconcemci^ 
the  same,  whatever  be  the  nature  of  the  spinal  lesion  on  which  the  par^ 
plegia  depends.  Spinal  paraplegia  shoidd  be  treated  by  galvanization  of 
the  spine,  and  peripheral  faradization  or  galvanization;  to  depcml  on 
one  method* solely  is  unnecessary*  In  paraplegia  the  electro- muscultf 
contractility  is  frequently  so  much  diminished  that  it  is  necessar)'  togi^^ 
particular  attention  to  the  motor  points  in  order  to  produce  contractions. 
Whether  general  faradization  and  central  galvanization  be  enii>ioyci3 
will  depend  on  the  general  condition  of  the  patient.  In  the  early  oi 
subacute  •stage  the  stances  should  be  short;  in  the  chronic  stage  ib< 
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s^nces  may  somettmes  be  more  protracted.  In  many  incurable  casei 
the  general  tonic  eflfects  of  general  faradization  alone  are  of  very  great 
service. 

Prognosis. — Nearly  all  cases  of  spinal  paraplegia  can  be  benefited 
by  electrical  treatment,  but  very  few  can  be  entirely  or  permanently 
cured.  We  may  look  for  perfect  recovery  in  some  cases  that  are 
taken  early,  and  in  cases  that  depend  on  hysteria,  congestion  of  the  cord, 
or  exhaustion.  Cases  of  myelitis,  meningitis,  and  non-inflammatory 
softening  are,  as  a  rule^  but  little  benefttedt  although  they  may  some- 
times improve  quite  rapidly  under  electrical  treatment  up  to  a  certain 
point. 

In  cases  of  reflex  paraplegia,   however,  the  faradic  current  is  ex- 
ceedingly useful  ill  preventing  the  ill  ctliects  of  rest  00  the   paralyzed 
biiscles  and  materially  hastens  recovery. 

■  Peripheral  Paralysis, — A  true  peripheral  paralysis  maniftfstly  excludes 
all  lesions  or  influences  of  a  central  origin.  The  cause  must  be  sought 
for  in  some  portioji  of  the  nerve-tract  after  it  has  emerged  firom  the 
bones  that  enclose  the  nervous  centres. 

The  principal  causes  of  peripheral  paralysis  are  : 

»i .   The  action  of  cold  on  the  superficial  distribution  of  nerves* 
2,  External  injuries* 

3*  Pressure  on  the  nerve  from  morbid  gr07Vths^  etc. 
4.  Destruction  of  a  nerve  by  carious  bone^  etc. 

Facial  Paralysis. — The  most  prominent  form  of  peripheral  paralysis  is 
that  of  the  seventh  pair  of  nerves.  The  symptoms  o(  fiicial  iiaralyds  vary 
not  only  as  its  cause  is  central  or  peripheral,  but  abu  accordnig  to  the  por- 
tion of  the  nerve  affected.  Paralysis  of  the  seventh  pair  without  coinci- 
dent paralysis  of  an  arm  or  leg  seldom  resiihs  from  cerebral  hemorrhage. 
It  may  occur,  however,  biit  it  may  be  readily  distinguished  from  the 
peripheral  form  of  the  affection.  In  complete  facial  paralysis  of  peri- 
pheral origin  the  orbicularis  palpebrarum  muscle  is  paraly  zed,  and 
the  eye  cannot  be  entirely  closed ;  while  if  the  cause  is  central  this  mus- 
cle is,  as  a  rule,  unaftcted,  and  the  eyelids  can  be  brought  tog  ether. 
In  some  exceptional  cases  a  certain  lesion  may  paralyze  the  orbicularis 
mtiscle,  while  occasionally,  in  peripheral  facial  paralysis*  the  nerves 
that  supply  the  muscles  of  the  eye  may  escape,  thus  leaving  it  free  to 
dose.  The  fact  that  in  facial  paralysis  of  central  origin  the  electro- 
muscular  contractility  is  unimpaired,  while  if  the  nerve  itself  is  the  seat 
of  the  injury  the  muscles  refuse  to  respond  to  the  faradic  currenti  ma- 
terially aids  us  in  diagnosis. 
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EUcfra-Dlagnosis. — In  facial  paralysis  of  a  peripheral  origin,  thi 

faradO'tnuscular  contractility  is  usually  diminished  or  lost ;  gaham- 
muscular  contractility  may  be  increased  or  normal ;  though  in  sdM 
cases  it  may  be  diminished,  it  is  rarely  lost  Facial  paralysis  is  one  of 
the  conditions  in  which  the  difference  bet^veen  the  two  currents,  in  thcii 
power  of  producing  contractions  of  muscles,  is  typically  shown*  Tbc 
galvano-muscular  contractility  sometimes  becomes  so  much  inaesised 
that  when  the  farado-muscular  contractility  is  entirely  abolished,  tl»c 
diseased  muscles  respond  to  a  much  feebler  galvanic  current  thaa  is 
necessary  to  produce  contraclions  on  the  healthy  side.  As  theraiisde! 
resume  their  normal  condition  under  treatment,  the  galvano  muscaltf 
contractility  diminishes* 

Frognifsis, — ^The  prognosis  of  facial  paralysis  of  a  peripheral  origin  ii 
generally  very  favorable.  Few  forms  of  paralysis  yield  so  surely  as  tliis, 
pro\nded  the  electrical  treatment  be  used  with  sufficient  perseverance. 

Treatment, — Facial  paralysis  should  be  treated  by  localized  faradia- 
tion  and  galvanization.  When  the  muscles  fail  to  respond  to  the  fara- 
dic  current  it  is  of  but  little  worth  to  use  it;  it  is  far  belter  to  depend 
on  the  galvanic  current.  In  this  disease  the  current^reverser  electrode 
is  exceedingly  convenient,  A  current  just  sufficient  to  produce  coo- 
traction  of  the  muscles  is  better  than  stronger  cuxTents,  and  short  Ip- 
plications  are  preferable  to  long  ones. 

Facial paralysit  from  expoitire  to  cold^-Loss  ef  contractility  tofaradk  atrrmt^l^ 
prqvement  under  the  galvanic  CHrrcnt, 

Case  LXII. — Miss  P.,  a  stout,  vigoroits  young  lady  of  15,  was  sent  to  us  by  Dr.  F 
Elliot,  to  be  treated  far  paratyi»is  of  the  seventli  pair^  on  the  left  sadc,  cuasti  bf 
exposure  to  a  draught  of  air  two  months  previous.  The  paralytic  sjrmptoiB*  cm* 
on  fuddenly  and  tn  full  force  imnie<Hate1y  after  ihe  expo&ure,  and  at  tet  ibe  Ciptf^ 
euced  considerable  dijliculty  in  speJiking, 

She  gradually  became  so  accustomed  to  the  abnormal  condition  of  her  tips  lod  bfX 
that  she  was  able  to  converse  almost  as  clearly  as  before  ;  but  the  improxTinent  btiic 
condition  of  the  paralyzed  muscles  was  very  slow,  and  at  the  time  she  came  to  0*  the 
affection  appeared  to  be  almost  stationary.  At  the  time  she  received  the  first  ip^ 
cation  at  our  hands  (Aug.  1,  1S62},  she  presented  most  of  the  usual  synptooMtf 
paralysis  of  the  seventh  pair. 

Her  moulh  was  drawn  over  towards  the  healthy  ade  so  violently  as  to  produa^^ 
aderable  deformity  when  she  laughetl  or  conversed,  and  even  when  she  smiled.  TKf^ 
ibe  attempted  to  frown^  the  left  brow  remained  as  smooth  as  Ibat  of  a  child. 

Her  left  eye  rolled  up,  and  when  she  attempted  to  close  it,  the  lids  wonld  not  i^ 
proach  nearer  than  one-quarter  of  an  inch  to  each  other.    \  powerful  faradic  amoA* 
localUed  in  the  affected  muscles^  produced  very  feeb^t      :  imperfect  contraction '» 
while  on  the  sound  side  a  very  mild  current,  applied  wiw  the  bond,  produced  aOM 
contractions  of  all  the  principal  miisdesc    The  patient  was  so  well  in  ali  oiber  tCi|iKt% 
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r  decided  la  uie  only  paitial  or  lacalfecd  dectiLcatioTi  over  ail  the  muscles  oB 
I  left  siiJc  of  the  face.  Two  vigorous  appUcations  made  in  this  way,  one  electrode 
ng  placed  finnly  in  front  of  the  car,  and  the  other  pajised  over  the  ramifications  of 
the  fcvetith  pair,  as  well  as  over  the  individu&l  muscles,  did  not  seem  to  increase  to  any 
apprectJible  extent  the  electro*inuscular  contractility,  a»d  accordingly  we  resolved  to 
adopt  an  entirely  different  method  of  warfare. 

^The  next  time  we  localiied  the  galvanic  current  through  the  left  side  of  the  face, 
nd  with  the  best  results.     Contractions  of  the  paralysed  muscles  were  at  once  pro- 
uced  that  were  as  vigorous  and  as  natural  as  those  catiscd  by  the  faradic  current  on 
I  he  healthy  side^  and  by  a  current  that  had  no  effect  on  the  healthy  ade, 
■    The  patient  b^an  at  once  to  improve,  and  after  ten  visits,  distributed  over  a  period 
pf  six  weeks,  she  was  dismissed  as  approximately  cured.     There  still  remained  some 
deficiency  of  action  of  the  muscles  concerned  in  frowning  and  in  winking,  but  the  ex- 
on  of  lier  face,  both  in  repose  and  in  conversation,  was  normal. 

The  inieresting  points  in  this  case  are  these  : — 

First, — The  galvanic  current  produced  contractions  and  wrought  a 

re  when  iho  induced  or  faradic  nlterly  failed. 

Second. — ►The  paralyzed  muscles  were  at  first  brought  to  contraction 
\y  a  galvanic  current  t/uit  had  no  effect  whatever  on  the  muscles  of  the 

at  thy  side.     As  the  patient  improved,  however,  it  became  necessary 

use  a  stronger  galvanic  current  in  order  to  produce  the  contractions, 
bvvards  the  close  of  the  treatment,  the  muscles  of  the  paralyzed  side 
began  to  resiK>nd  to  the  faradic  current. 

That  the  faradic  current  may  sonietitnes  work  well  in  facial  paralysis 
;  shown  by  the  following  case  :— 

hrtial  paralysis  of  the  righi  side  0/  ihefoie^  with  contraction  of  musctis  following 
neuralgia — A/^&ximatf  recovery  under  localized  far adiiaiion, 

Ca5B  LXUL— Miss  J.,  aged  40^  came  to  us  in  the  early  part  of  September,  186S, 
be  treated  for  a  facial  paralysis  of  a  peculiar  character.  Her  face  was  drawn  to 
ic  right  side,  so  that  her  features  were  very  much  distorted.  We  at  first  supposed, 
id  very  naturally,  that  the  case  was  one  of  paralysis  of  the  seventh  pair  of  the  left 
de,  but  a  more  careful  examination  led  us  to  modify  our  dta^osis. 
Her  Iiistory  was  as  follows :  Several  years  before,  while  occupied  in  a  day  and  night 
Icndance  at  the  bedside  of  a  sick  friend,  she  was  suddenly  attacked  with  severe  facial 
euralgia  of  the  right  side,  that  continued  to  annoy  her  for  two  months.  The  disease 
en  abated,  but  since  that  time  she  had  been  frequently  harassed  by  pertdstetit  numb- 
m  in  the  right  arm  and  hand. 

On  localizing  a  strong  faradic  current  through  the  muscles  of  the  left  side  of  the 
:e,  powerful  contractions  were  excited.  On  the  right  side  no  such  effect  could  be 
rod  uced. 
Furthermore  her  right  eye  was  nearly  dosed,  owing  to  a  partial  ptosis,  and  while 
e  could  easily  frown  and  corrugate  the  left  i>row»  the  right  was  entirely  smooth  and 
kprcsionlesL  It  wa«  very  evident,  both  from  the  history  of  the  case  and  from  symp. 
at  the  time,  that  the  right  side  was  paralyied,  and  not  the  Icfl,  as  at  first  ap 
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pearedf  auiil  that  the  face  was  d:awii  towards  the  right  by  the  contraclbns  ct  tJic  mat 
tUs  fQHmoimg  tht  paralysis 

Trousseau  has  described  this  condition  so  accurately  that  we  quote  his  own  laufpiaef 
as  it  appears  in  the  translation  of  Bazairew* 

After  relating  tbe  symptoms  of  a  paiient  suifering  from  paralysis,  be  says;  **  li 
left  facial  paralyUs  was  thought  of  at  first  sight,  the  depression  of  the  lower  lid»  lod 
the  less  marked  expansion  of  the  nostril  on  the  right  side,  were  already  snlfidieilt  to 
cau^  a  modification  of  the  diagnosis.  But  when  the  patient  attempted  lo  move  thftt: 
side  of  her  face  there  could  no  longer  be  any  hesitation,  and  it  became  manifest  Ihat 
it  was  the  right  side  which  was  alfected.  When  she  spoke,  and  still  more  when 
laughed,  her  face  was  pulled  with  force  to  the  left,  the  upper  lip  and  the  aia  nasi 
that  side  going  obliquely  upwards,  and  the  labial  commissure  being  drawn  with 
siderable  energy  upwards  and  outwards.  When  she  attempted  to  blow,  her  left  cImxI 
swelled  and  her  mouth  remained  closed  on  that  adc,  whilst  her  right  check  was  flj 
and  her  mouth  opened  out  a  little  on  that  side.  Besides,  she  could  not  shut  her  righ^ 
eye,  however  much  she  tried." 

In  this  case  we  used  only  the  faradic  current,  localizing  the  electricity  as  nearly  wm 
possible  along  the  course  of  the  portiu  duia  and  its  ramilicalions.     To  accomplish  tltts 
the  small  positive  electrode  was  pressed  firmly  on  the  pomt  where  the  nerve  cmergear 
from  the  temporal  bone,  while  the  negative  was  moved  along  its  various  terminal 
branches. 

No  particular  results  were  obtained  from  the  first  application,  but  during  the  second 
visit  slight  contractions  were  produced  on  the  right  side,  and  it  was  then  noticed  that 
the  eyelid  did  not  fall  so  low  as  be  lore. 

In  the  course  of  a  few  days  the  patient  again  visited  us,  when  the  improvement  was 
quite  marked.  There  was  considerable  relaxation  of  the  contracted  muscle^  and  the 
electro-muscular  contractility  was  readily  demo nst rated-  At  the  fourth  visit,  which 
occurred  about  two  weeks  from  the  commencement  of  treatment,  the  plo^^'s  was  hardly 
noticeable,  and  the  power  of  corrugating  the  occipito-f run  talis  on  the  right  hide  was 
perfect.  There  still  remained,  however,  some  distortion  of  the  features,  owing  to  tbe 
obstinate  nature  of  the  muscular  contractions,  and,  although  she  subsequently  received 
quite  a  number  of  appUcations,  the  contraction  was  not  so  entirely  disapated  «a  iitftff« 
all  the  other  symptoms. 

Facial  para  fy sis  existing  three  weeks — TmmtdiaU  effeeis  of  farndizaiian^ 
Cask  LXIV.— Mr.  C,  aged  35,  a  patient  of  Dr.  Joseph  Worster,  had  beeii«& 

flictcd  for  three  weeks  with  paralysis  of  the  seventh  pair,  in  the  right  side. 

The  patient  complaloetl  of  a  peculiar  Lingling  and  occasional  numbness  in  the  hands 
and  feet  that  we  regardeti  as  an  indication  of  sliglit  central  disturbance.  In  aJl  other 
respects  liis  health  was  excellent.  A  local  application  of  tbe  faradic  current  resulted 
m  immediate  benefit,  and  two  more  seances  were  followed  by  approximate  recovery, 

ParaiysiS  from  Prtsxttre  and  C^i/^/.— Paralysis  sometimes  occurs  from 
pressure  on  the  nerves  of  the  anii  during  sleep,  and  most  frequently  in 
persons  who  are  intoxicated. 

Paralysis  of  the  am?  may  also  arise  from  the  pressure  of  a  board  or 
any  other  hard  object  under  the  arm.  It  may  also  be  caused^  like  fdciaj 
♦  Lectures  on  Clinical  Medicine,  Part  IL,  p.  jaa. 
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paraljrsis,  by  exposure  to  cold.     Paralysis  may  arise  also  from  the  pre»» 
sure  of  the  foetus  in  partorition. 

All  these  forms  of  peripheral  paralysis  may  be  treated  by  electricity, 

■  preferably  by  the  galvanic  current,  and  with  curative  results,  unless  the 
nerve  be  too  severely  injured. 

Parafysis  of  muscUs  of  righi  tkigh  ;  apparenily  produced  hy  exposure  to  eold^An* 
^B  m^theiia — Improvement  under  gahfanisaiion — Increase  in  size  of  limb. 

^"  Case  LXV, — Miss  F.,  aged  about  20,  first  observed  a  sli^jht  pain  and  soreness  tR 
the  muscles  of  the  right  thigh,  that  readily  yielded  to  a  few  applications  of  the  faradk 
current.  Five  months  subsequently,  after  several  hours'  exposure  to  cold  andwet» 
ihc  experienced  considerable  pain  in  the  right  limb,  and  also  a  maiked  degree  of  stiflf- 
ncss,  that  disappeared  temporarily  after  walking  a  few  times  around  the  room. 

In  a  few  days  the  pain  extended  lo  ihc  hip  and  involved  the  whole  limb,  which  soon 
became  coinpletely  paralyzed^  and  for  two  weeks  she  suflfcred  excessive  pain  both  day 
•nd  night.  Three  months  later,  when  it  was  decided  that  the  patient  fihould  be 
Ir rated  by  electricity,  she  was  able  lo  move  about  the  house  with  the  aid  of  crutcheS| 
Although  the  limb  remained)  almost  perfectly  powerless. 

The  anaesthesia  over  the  quadriceps  muscle  was  very  decided,  the  sesthesiometer 

^m  producing  two  impressions  only  when  its  points  were  separated  four  inches,  and  the 

H  electro-muscular  contractility  ^*»s  entirely  absent  in  all  the  external  or  surface  musclw 

of  the  thigh  and  in  a  portion  of  tlie  leg.     The  thigh  had  atrophied  to  the  extent  of 

AQ  inch  and  one-half. 

Ten  applications  of  the  faradic  current  entirely  dissipated  the  anaesthesia,  so  that  it 
was  dece^tsary  to  separate  the  ^esthesiometer  but  three-quarters  of  an  inch  in  order 
that  two  impressions  might  be  received. 

The  same  current  partially  restored  also  the  electric  contractility  of  the  diseased 
muscles;  but  it  was  not  until  ^ gahanic  current  of  considerable  intensity  was  em- 
ployed a  number  of  limes,  thai  they  responded  healthfully  to  its  inlluence. 

The  faradic  current  was  again  resorted  to  and  persi^slently  used  for  several  months. 

The  limb  gradually  increased  in  strength,  so  that  she  was  able  to  walk  readily  with 
the  aid  of  a  cane.  It  increased  also  in  size,  so  that  around  the  thigh  it  measured  but 
one-quarter  of  an  inch  less  than  the  sound  limb.  Time  alone  can  tell  whether  she 
will  ultimately  regain  complete  control  over  the  diseased  member. 

Compute  paralysis  of  the  flexors  and  extensors  of  ih€  wrist  and  Jlngers^  caused  by 
^m  pressure —  Cured  by  thru  local  applications  of  the  far  adit  current* 

Case  LXVI. — Mrs.  P.,  aged  30,  was  sufferii^g  from  complete  paralysis  of  the  ex- 
tensors and  tlexors  of  the  wrist  and  the  right  arm.  Eight  weeks  before  she  had  held 
her  little  child  in  her  amis  all  of  the  day.  The  right  arm  was  of  course  use^l  the  most. 
In  the  evening  she  fell  asleep  in  a  rocking-chair,  with  nearly  the  whole  weight  of  the 
child  rcsimg  on  the  right  arm.  In  the  course  of  an  hour  she  awoke,  to  find  the  wrist 
anit  fingers  paralyzed.  No  iniprovement  had  been  manifest  in  the  condilion  of  the 
parts  up  to  the  time  we  saw  ber* 

The  tissues  below  the  wrist  were  decidedly  amesthetic,  but  electro- muscular  con- 
tractility was  Uttle  impaired.     Three  local  applications  of  the  faradic  current  alone,  in 
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the  course  of  Ave  dftys,  dissipated  the  numbness^  and  so  Improved  the  memben  thil 
she  could  with  case  move  the  fingers  aad  wrist  in  every  natural  directioo.  The  le^ 
covcry  became  complete  in  a  week  or  so  without  further  treatment. 

Calorific  Paralysis, — Under  this  head  Benedikt  records  a  ca^e  of 
paralysis  caused  by  the  contact  of  glowing  hot  iron  mth  the  skin,  at  a 
t>oint  near  the  radial  nerve.  The  nerve  was  not  directly  injured,  but 
paralysis  with  anaesthesia  ensued.  The  patient  recovered  after  a  nuni^ 
ber  of  sittings.     Both  galvanic  and  faradic  currents  were  employed.* 

Reflex  Paralysis, — Under  this  head  are  included  those  peni>heral 
paralyses  which  arise  by  reflex  action  through  the  central  nervous  sys- 
tem, from  some  remote  part  of  the  body.  Some  of  the  cases  of  general 
paralysis  of  all  the  extremities  are  of  this  nature. 

Paralysis  that  arises  by  reflex  action  may  remain  long  after  the  mor- 
bid  condition  that  caused  it  has  entirely  disappeared* 

Trtatmiut. — Localized  faradization  or  galvanization  is  required  in 
this  form  of  paralysis-  This  treatJnent  should  be  directed  not  only  to 
the  paralyzed  muscles,  but  also  in  some  cases  to  the  diseased  part  from 
which  the  paralysis  is  reflected.  In  doubtful  cases,  general  faradization 
and  central  galvanization  may  be  tried. 

Prognosis, — This  is  much  more  favorable  than  in  paralysis  that  di 
rectly  proceeds  from  organic  disease.     Everything  depends  on  the  na- 
ture and  locality  of  llie  irritation. 
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Typical  case  of  complete  reflex  paraly sir  cf  the  sevenih  pair  0h  the  right  sid^  ^f  tki 
/ace,  follorwing  setfert  neuralgia  of  the  fifth  pair  on  the  same  side^ 

Case  LXVII,— The  patient,  a  lady  aged  30,  some  weeks  previously,  had  experienced^ 
m  the  fifth  pair^  an  attack  of  sharp  shooiitii^'  pains  of  far  more  tlian  ordinary  severity. 
WAS  followed  in  the  course  of  twelve  hours  by  5)'mptom5  of  facial  paralysis,  whkli 
gradually  increased  until  the  loss  of  power  was  almost  complete. 

The  muscles  responded  to  the  influence  of  faraditation,  but  there  was  a  manifiest 
decrease  of  the  electro  ^muscular  contractility.  Three  applications  of  the  faradic  cur- 
rent to  the  affected  side  completely  restored  the  contractile  power  of  the  musdesi,  and 
throe  similar  applications  removed  the  paralysi& 

Reflex  paralysis  of  the  left  arm^  apparently  from  neuralgia  of  short  duraiion — 

Recovery  under  localized  and  general  faradisation. 

Case  LXVIII.— Mrs,  W.,  aged  31,  consulted  us  Febnjary  i,  1867.  She  was  suf- 
tfering  from  general  neuralgia,  which  was  especially  localiicd  in  the  left  arm.  Appe^ 
lite,  digestion,  and  sleep  were  all  poor. 

There  wa*  paralysis  nearly  complete  of  the  left  arm.  We  began  treatment  by  gen- 
eral and  localised  faradizatiLin.    In  one  week,  after  tliree  sittings,  the  paralysis  dis^p 

•  Op.  cit.,  p.  48a 
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peared.  Treatment  by  general  fitfadlzalion  was  subsequently  continued,  for  the  par> 
pose  of  raising  the  tone  of  the  system. 

Reftex  paralysis  of  five  mmUki  standing — Approximate  recovery  under  fifteen  appU 
cations  ofthefaradic  current. 

Case  LXIX.— Miss ,  aged  about  30,  an  inmate  of  the  N.  Y.  State  Woman's 

Hospital,  was  afflicted  with  uterine  displacement,  and  finally  was  prostrated  by  a  se- 
vere attack  of  cellulitis. 

During  and  after  recovery  from  this  illness  the  patient  complained  of  anaesthesia 
and  tingling  in  both  feet,  together  with  a  decided  loss  of  motor  power.  These  symp- 
toms were  persistent,  and  for  five  months  the  patient  was  able  to  walk  but  very  short 
distances  and  only  with  great  difficulty. 

On  examination  with  the  faradic  current  it  was  found  that  the  electro-muscular  con- 
tractility was  somewhat  impaired.  Faradizatbn  of  the  lower  portion  of  the  back,  the 
loins  and  the  legs  was  employed,  with  the  observi^i  effect  of  at  once  increasing  the  con* 
tractility  of  the  muscles. 

Twelve  applications  so  improved  her  condition  that  she  rooceeded  in  walking  two 
(  without  suffering  extraordinary  fatigue. 


CHAPTER  XXI. 

LOCOMOTOR  ATAXIA — POSTERiOR   SPINAL  SCT.EROSIS. 

In  regard  to  posterior  spinal  sclerosis  we  have  these  remarks  tl 
offer: 

1,  The  great  exciting  causes  of  the  disease  are  exposure  to  wet  and 

cold,  mechanical  injury,  and  syphilis.  It  is  a  fact  not  thoroughly  ap- 
preciated by  the  profession  or  by  the  people,  that  it  is  as  possible  to 
take  cold  in  the  cord  as  in  the  lungs.  Cold  in  the  cord  manifests  itself 
just  as  cold  anywhere  else  manifests  its^lf,^ — that  is,  by  congestion  ;  and 
if  the  colds  are  repeated,  the  congesttuo  becomes  a  fixed  condition 
that  is  not  easily  resolved,  and  in  time  may  go  on  to  the  condidon 
known  as  posterior  spina!  sclerosis,  or  locomotor  ataxia. 

The  connection  between  this  structural  lesion  of  the  cord  and  expo^ 
sure  to  wet  and  cold  is  not  always  directly  apparent,  is  but  rarely  sus- 
pected by  the  patient,  and  almost  never  inquired  into  by  the  physician, 
partly  because  of  its  remoteness,  and  partly  because  the  professional 
mind,  at  least,  has  been  diverted  in  the  direction  of  sexual  excess  ai 
the  one  great  cause  of  ataxia. 

The  mechanical  injuries  that  most  frequently  give  rise  to  sclerosis  of 
the  cord  are  severe  blows  and  falls,  or  the  shock  of  accidents  of  almosi 
any  kind.  It  is  not  necessary  that  the  injury,  whatever  it  may  be, 
should  be  received  on  the  spine  or  head,  in  order  to  cause  syniptoms 
of  ataxia.  A  violent  concussion  from  any  injury  that  is  directly  felt  on 
the  arms  or  legs  may  have  the  same  effect  as  a  direct  injury  to  the 
back. 

2,  The  cord  is  predisposed  to  take  cold  by  any  causes  that  tend  to 
exhaust  it.  Among  the  more  prominent  of  these  causes  are  long 
marching  or  violent  and  wearying  muscular  exertion  of  any  kind,  espe- 
cially  of  the  sort  that  draws  heavily  on  the  lower  part  of  the  cord,  ex- 
cessive intellectual  exertion,  and  sexual  excesses.  The  two  latter  pre- 
disposing causes,  excessive  intellectual  exertion  and  sexual  excesses 
operate  far  less  frequently  than  the  purely  physical  causes. 

3,  In  regard  to  the  supposed  influence  of  sexual  excesses  on  thai 
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disease,  the  profession  must  revise  its  opinion.  That  sexual  excessei 
coastitute  an  important  factor  in  the  causation  of  nen'ous  diseases 
must  be  admitted^  but  it  is  not  structural  so  much  as  functional  diseases 
that  they  excite. 

One  plausible  reason  for  suspecting  that  sexual  excess  is  the  caus« 
of  ataxia  is  found  in  the  unnatural  sexual  desire  that  so  often  precedes 
the  ataxic  symptoms.  The  increase  of  desire  naturally  calls  the  atten- 
tion of  the  patient  to  the  sexual  organs,  and  almost  compels  a  certain 
amount  of  abuse;  and  when  questioned  concerning  his  habiis,  it  is  no 
marvel  that  he  recalls  and  confesses  his  recent  experience  in  this  re- 
spect Now,  this  increase  of  sexual  desire  is  often,  if  not  always,  the 
effect  of  spinal  congestion,  by  which  the  cord  is  rendered  ercessively 
active  \  it  is  a  sign»  not  of  health,  but  of  disease.  It  is  not,  however, 
nor  is  the  abuse  which  it  invites,  the  cause  of  the  degeneration  of  the 
cord  into  which  congestion  leads. 

The  most,  then,  that  can  be  said  of  sexual  abuse  in  its  rel  ttion  to 
ataxia,  is  that,  by  weakening  the  cord,  it  may  in  certain  temperaments 
prepare  the  w*ay  for  colds,  mechanical  injuries,  or  perhaps  for  syphilis, 
to  enter  in  and  take  possession. 

4,  It  is  more  frequent,  so  far  as  we  can  learn,  in  the  North  t^^an  in 
the  South ;  cold,  damp  climates  favor  its  development.  In  the  early 
stages,  long  residence  in  tropical  or  subtropical  regions  is  wo^t^v  of 
trial. 

5.  It  is  very  often  complicated  with  congestion  and  sclerosis  of  the 
anterior  column.  The  neuralgic  pains,  of  which  so  much  is  said,  do 
not  appear  in  much  more  than  half  the  cases.  We  are  not  yet  able  to 
say  whether  ihey  are  a  good  or  a  bad  symptom.  One  thing  is  sure 
the  worst  and  most  obstinate  cases  we  liave  yet  seen  had  no  neuralgic 
pains.  Another  point  equally  trae  is,  all  the  characteristic  neuralgic 
pains  may  exist  in  those  who  never  have  ataxia. 

I  Electro-Diagnosis, — The  electro-muscular  contractility,  or  at  least  ir^ 
9'itability^  may  be  normal  or  increased.  This  fact  distinguishes  locomo* 
tor  eUaxia  from  ordinary  paralysis  of  motion  depending  on  anterior  or 
spinal  sclerosis^  in  which  the  electro- muscular  contractility  is  usually 
diminished*  The  electro -muscular  contractility  may,  however,  be  di- 
minished in  certain  forms  and  stages  of  posterior  spinal  sclerosis,  01 
when  complicated,  as  it  may  be,  with  anterior  spina!  sclerosis  or  with 
hysteria  or  general  congestion  of  the  cord,  or  of  the  membranes. 

Prognosis, — The  prognosis  of  this  disease  under  electrical  treatment 
alone,  or  in  combination  with  drugs,  may  be  thus  generally  stated  :  A 
very  small  proportion  of  cases  apparently  recover;    a  considerable 
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number  are  very  greatly  benefited  in  all  the  leading  S}nii>roins  ;  about 
the  same  number  are  but  slightly  benefited ;  and  in  a  few  cases  abso- 
lutely nothing  is  accomplished. 

The  proportion  of  absolute  cures  is  so  small  that  there  is  a  natural 
temptation  lo  doubt  the  diagnosis  or  pathology  of  any  reported  cure. 
The  cases  that  are  brought  on  by  mechanical  injury,  especially  by  cow- 
cossion,  offer  the  best  prognosis ;  and  this  is  true,  we  believe,  of  other 
nervous  disorders-  The  explanation  would  appear  to  be  that  the  dis- 
ease excited  by  concussion  is  of  a  temporary-,  and  comparatively  trao- 
sient,  character,  and  the  character  of  the  lesion  is  far  less  severe  ihio 
in  those  cases  that  come  on  slowly,  through  long  years  of  incubation. 
In  our  observation  the  most  satisfactory  improvement  has  been  in 
those  cases  of  ataxia  that  were  brought  on  by  concussion.  This  is  also 
true  of  paralysis  in  general,  excepting,  of  course,  those  cases  where  the 
spinal  cord  is  directly  and  seriously  injured. 

Most  of  the  published  statements  in  regard  to  the  prognosis  of  the 
disease  under  electricity,  as  indeed  under  any  other  form  of  treatnieiit« 
must  be  received  with  great  caution.  Many  of  the  physicians  who  re- 
port the  cases  have  perhaps  never  before  seen  a  case  where  they  made 
the  diagnosis  of  ataxia,  and  in  the  instance  that  they  publish  there  h 
much  probability  of  deception  ;  and  this  probabih'ty  is  increased  if  the 
patient  perfectly  and  permanently  recovers.  Hysteria  comes  in  lo 
complicate  Ihe  diagnosis,  and  some  of  the  reported  cures  have  been, 
without  doubt,  of  an  hysterical  character.  Spinal  congestion  is  very 
often  mistaken  for  spinal  sclerosis  ;  the  symptoms  run  into  each  other* 
and  the  former  in  some  cases  leads  to  the  latter*  But  spinal  conges- 
tion is  relievable  and  curable,  while  spinal  sclerosis  is  rarely  so.  Some 
of  the  supposed  cures  have  been  very  likely  simply  remissions  in  the 
course  of  the  disease. 

Treatment.^ MzxiZ.  may  be  treated  electrically  by  a  combination  of 
several  different  methods  of  electrical  application  :  Galvanixation  of 
the  spine,  central  galvanisation,  and  general  faradization  when  cere* 
bral  disturbance  or  general  ataxia  of  the  nervous  system  ap{)ear ; 
galvanization  of  the  cervical  sympathetic,  and  peripheral  faradization 
with  sponges  and  the  metallic  brush.  All  these  various  applications 
may  be  made  with  weak  or  strong  or  medium  currents,  according  to 
the  wants  of  each  case. 

We  have  found  good  results  from  simply  treating  the  leading  s)Tnp- 
tom, — the  anaesthesia, — without  any  special  reference  to  the  cord.  We 
do  this  by  means  of  the  metallic  brush,  or  hy  a  finely-pointed  u^etallic 
electrode,  making  the  application  over  the  feet,  legs,  arms,  and  all  parts 
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of  the  body  that  are  anaesthetic*  The  end  justifies  the  means.  W<? 
have  found  more  good,  in  some  cases,  from  this  method  than  from  gal- 
vanization of  the  spine  and  all  the  other  methods  combined  When 
the  anaesthesia  is  profound  and  permanent,  currents  of  great  strength 
are  sometimes  not  only  not  disagreeable,  but  positively  agreeable. 

In  recommending  this  method  we  do  not  recommend  exclusive  reliance 
upon  it ;  it  is  to  be  used  in  alternation  with  the  other  methods  of 
which  we  have  spoken.  It  should  not  be  forgotten  that  the  reflex  ef- 
fect of  powerful  peripheral  faradization  on  the  cord  may  be  of  greater 
service  than  galvanization  of  the  spine. 

P»Jttrior  tpinal  sflirosis — Centusriffn  of  tkt  spint  compHcatid  with  attacks  of  apHa- 
tint  and  -virptng —  Vtry  anusuni  impr^jvtment  under  gatvamwation  of  tht  ipine  attd 
mitratt  i*f  sUvtr^ 

Case  LXX. — Dr.  N. ,  a  meclical  gentlemnn,  over  70  years  of  age,  was  brought  to  tti 
November  9,  1872,  by  Dr,  Corey.  Al>oiU  six  months  before,  the  doctor  undertook  to 
get  on  A  street  •car,  but,  the  iron  support  being  loose,  he  slipped  and  tell  on  hb  hip  and 
leg,  and  for  this  be  was  treated  surgically.  He  was  laid  up  with  the  injury  to  the  leg 
ind  hip  for  some  week^  Certain  nervous  symptoms  also  began  to  appear  after  a  few 
weeks,  but  they  were  not  referred  to  any  injury  of  the  cord,  and  spina!  scleroiis  was, 
very  naturally,  not  suspected.  Dr.  Corey  had  made  ihe  dia^osis  of  degeneratton  of 
the  cord  before  bringing  him  to  u%  and  this  diagnosis  corresponded  with  our  own. 
■VTbe  patient  had  a  stiff  and  uncertain  gait,  and  could  not  turn  roand  qiiickly  without 
^bkiluig,  nor  stand  stilt  when  his  eyes  were  closed.  A  strange  complication  wa^  occa- 
^Blional  attacks  of  utter  mabibty  to  speak,  accompanied  with  suffusion  of  the  face  and 
l^^hedding  of  tears.     These  came  on  under  any  special  excitement,  and  lasteti  from  one 

to  five  minutes. 
^L        The  anaEsthe^  and  anafgesia  of  the  tower  limbs  were  profound,  and  electro-sen- 
^kibility  was  but  slight ;  but  there  was  no  loss  of  electro-muscular  cuiuractility,  and  no 
^Hinotor  disturbance  whatever.     There  was  also  a  deficiency  of  the  sense  of  pressure, 
^Ms  indicated  by  the  pt^sffuttr.     At  nijjht  there  was  great  pain  in  the  back,  with  a  sen- 
^B  sal  ion  of  numbness  that  oflen  compelled  him  to  rise  and  walk  the  room* 
H       As  the  patient  was  entirely  well  at  the  time  of  the  accident,  and  as  the  symploroi 
of  sclerosis  followed  or  at  least  be^jan  to  appear  a  few  weeks  after  the  accident,  and 
fts  there  was  no  evidence  of  exposure  of  any  kind,  it  was  clearly  a  case  of  traumatic 
ataxia. 

The  case  was  subsequently  brought  into  court,  in  order  to  collect  damages  of  the 
railroad  company,  and  was  decided  in  favor  of  the  patient.  Being  calle^l  upon  10  tes- 
tify, we  gave  it  as  our  opmion  that  the  disease  from  which  the  old  gentleman  suffered 
was  of  so  grave  a  character  that  he  would  never  recover,  but  would  be  a  great  sufferer 
until  he  die^l 

We  subsequenl'y  treated  the  above  patient  by  mild  galvanization  of 
the  spine,  and  nitrate  of  silver,  and  in  tlie  course  of  a  month  he  began 
Ito  improve*  and,  what  is  more  remarkable,  fhe  improvement  continued 
I  He  did  not  fully  recover,  but  was  able  to  resume  active  labors. 
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ElecfrO'^iagnosis, — In  cases  of  progressive  muscular  atrophy  tb« 
electro-muscular  contractility  is  either  diminished  or  destroyed  Elec* 
tro-muscular  sensibility  is  usually  dimmished.  Various  changes  ift 
musctilar  irritability  may  take  place  during  the  progress  of  the  disease. 

Reflex  eontractions  occur  in  raascular  atrophy.     DipUgic  contractiaf^ 
also  appear  in  this  disease.     These  facts,  taken  in  connection  with  tVi« 
history  of  the  case,  the  atrophy,  the  fibrillary  contractions,  swelUng^i 
and  anchylosis  in  the  bones  and  joints,  the  anaesthesia  and  the  neur^ 
giat  make  up  the  diagnosis.     Diplegic  contractions  were  first  observe'* 
in  muscular  atrophy  by  Remak ;  they  have  since  been  observed  in  hy*B 
teria  and  other  irritable  conditions. 

The  disease  does  not  always  exist  alone ;  it  maybe  complicated  irith 
locomotor  ataxia,  with  paralysis  of  the  cranial  nerves  and  other  disord^^^^ 
of  the  brain. 

Prognosis  and  Treatment — ^Oor  better  and  increasing  knowledge    of 
the  possibilities  of  electrotherapeutics  fortunately  enables  us  to  mociiiV 
to  some  extent  the  prognosis  in  this  disease-     That  the  prognosis    i% 
grave  cannot  be  denied,  but  by  persistently  following  out  the  treatment      , 
that  of  late  years  has  proved  so  successful,  we  confidently  assert  that 
not  only  may  the  disease  be  arrested  far  more  frequently  than  in  the 
past,  but  that  in  not  a  few  instances  the  nutrition  may  be  so  far  ioo- 
proved  as  to  amount  to  approximate  recovery. 

In  no  other  forms  of  disease  does  it  seem  to  us  so  important  that  €^ 
pecial  emphasis  should  be  laid  on  the  electrical  treatment  as  in  those 
of  the  so-called  progressive  character.  In  many  of  the  phases  of  pa- 
ralysis»  in  the  neuralgias  and  in  most  forms  of  local  and  constitutional 
disturbance  where  the  indications  call  for  electricity,  other  remedici 
as  well  have  their  uses,  and  in  many  instances  are  even  of  grcatci 
service* 

VVhen  we  advance,  however,  to  the  consideration  of  those  ominously 
progressive  disorders,  ataxia  and  muscular  atrophy,  we  recogniic  the 
fact  that,  witli  the  exception  of  those  cases  which  depend  on  a  syphilitit 
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taint,  our  ordinary  remedies  cxeicise  but  little  control  over  their  prog- 
ress* We  have  therefore  almost  in  despair  turned  to  the  therapeutics 
of  electricity  in  these  diseases,  and  although  it  has  failed  by  far  to 
accomplish  all  that  could  be  desired,  it  has  yet  proved  to  be  more 
efficacious  than  is  generally  credited  In  some  cases  it  certainly  arrests 
the  disease. 

As  a  rule  we  alternately  make  use  of  central  galvanization  in  its  most 
thorough  form  with  faradization  and  galvanization  of  the  affected 
muscles. 

Persistent  faradization  of  individual  muscles  has  been  alone  recom- 
mended by  Duchenne,*  and  among  others  who  have  reported  recover- 
ies by  this  simple  and  single  method  might  be  mentioned  Dn  Alex,  P, 
Fiddian, 

The  case  f  that  he  details  was  treated  by  that  form  of  electricity 
generated  by  the  old-fashioned  magneto-electric  machine,  and  although 
the  authenticity  of  the  statements  cannot  be  doubted,  yet  a  knowledge 
of  the  combined  experience  of  those  who  have  accomplished  most  in 
electro-therapeutics  must  confirm  us  in  the  assertion  tliat  in  order  to 
achieve  the  best  results,  both  currents  must  be  used  and  the  appHca- 
tions  directed  to  the  nerve  centres  as  well  as  to  the  affected  muscles. 

Progressive  muscular  atrophy  $/  musdts  of  ike  right  hand^  three  years*  standing — 
Padn  in  ^k^ Numbness,  and  eoldness,  and  neuralgia  of  the  arm — Disease  of 
iA4  skin — Arrest  of  the  disease  under  gaivanitation  of  the  spine  and  peripheral 
far  adizaiion* 

Case  LXXJ, — Mr.  N*,  a  gentleman  of  middle  life,  was  brought  to  us  by  S,  J.  Hol- 
ley,  November  14,  1870.  The  patient,  who  had  a  strong  constitution,  for  three 
years  had  been  suffering  from  atrophy  of  the  muscles  of  the  ball  of  the  thumb  of  the 
fjgbt  band*  The  disease  had  been  gradual  in  its  onset,  and  very  gradual  b  iti 
advance,  and  by  various  treatment — medicines  and  faradization  of  the  muscles — had 
been  more  or  less  modified.  The  atrophy  was  preceded  by  pain  in  the  back  in  the 
region  of  the  third  dorsal  vertebra.  This  spot  we  found  to  be  tender  on  pressure, 
and  also  tender  under  the  electric  current*  A  galvanic  current  applied  to  the  tender 
■pot  caused  at  once  a  sensation  in  the  affected  hand.  There  were  In  the  hand  per- 
aistent  coldnesi  and  great  numbness^  with  anaesthesia,  and  also  impairment  of  the 
icfi^  of  presmre  as  determined  by  examination  with  the  piesmcler,  and  tncre  wai 
eofceblement  of  the  sexual  power.  The  coldness  and  numbness  were  first  felt  six 
yettrs  before  tn  the  track  of  the  ulnar  nerve  ;  the  pain  in  the  back  appeared  five 
years  before,  and  two  years  after  that  the  muscles  of  the  hand  began  to  atrophy* 
At  one  time  there  had  been  evidences  of  an  acute,  or  rather  subacute,  congestion  of 
the  cord,  with  the  symptoms  of  numbness  of  half  (he  body  on  the  right  side  ;  antes- 
ItenA  of  the  rectum,  so  that  the  fxces  were  passed  unconsciously,  and  severe  iieo* 

•  De  1* Electrisation  Localis^e,  pu  702- 

f  Med  Times  and  Gazette,  July  20,  1S72,  p,  66^ 
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ralgift  of  the  arm — these  symptoms  luted  one  monLh.      The  hrA  fsfid  not  vcy 

strong)  application  of  the  galvanic  current  caused  insomnia  that  night  5  pa'n  b  ik 
domen,  and  mental  depression^  and  anaesthesia  of  the  rectum ;  one  day  foUoving 
treatment  he  felt  a  sensation  in  his  back,  as  though  some  one  had  suddenlf  ud 
levercly  struck  him  from  behind  ;  gradually  he  l}e«:ame  accustomed  to  the  applkattonv 
which  were  made  milder  and  shorter,  and  began  to  get  better.  There  were  Im  »• 
somnla  and  better  appetite,  lej^  pain  and  more  warmth  in  the  hand  and  mnn.  Dufiig 
the  treatment,  which  lasted  several  weeks — about  twenty  applicAtions — a/ntrtgimm 
fruition  appiand  on  tht  hack  and  shouiders^  with  grtat  iUking^  wiik  wAkM  am 
frfat  relief  0/  the  pain  in  the  spine^  The  itching  of  the  prurigo  was  itself  reliet«d 
by  the  galvanic  current.  The  disease  was,  to  all  seeming,  arrested,  altfann^  the 
atrophied  muscles  did  not  returo  to  their  normal  condition.  Eighteen  months  littf 
the  close  of  the  treatment  we  met  the  patient.  He  was  in  excellent  health  ;  although 
the  hand  was  still  considerably  shninken,  the  sexua.1  power  had  relumed,  and  be  bd 
but  recently  married,  having  previously  lived  a  bachelor,  and  be  was  iu  most  c»elfaAC 
aptrits. 

The  features  of  most  interest  in  the  above  case  are : 

1.  It  seemed  to  show  the  central  origin  of  progressive  musculii 
atrophy.  Long  before  the  muscles  of  the  hand  began  to  atrophy  there 
was  evidence  of  spinal  congestion  at  or  near  that  part  of  the  cord 
whence  issue  the  nerves  to  supply  the  arm.  For  several  years  these 
sym^jtoms  had  been  existing  before  the  atrophy  was  observed. 

2.  The  fact  that,  when  taken  early,  progressive  muscular  aixophf, 
grave  as  the  disease  is,  may  be  arrested  by  galvanization  of  the  ncnre- 
centres, 

3.  The  apparent  relation  of  the  pmriginous  eruption  and  the  morbid 
state  of  the  cord.  When  the  eruption  appeared  with  severe  itching, 
the  patient  at  once  improved,  and  then  the  eruption  was  itself  refoved 
by  the  galvanic  treatment  {see  chapter  on  Diseases  of  the  Skin). 

Progressiva  museular  atrophy  of  several  year/  standings  A pproxiw^i  r*»w^ 
under  persistent  treatment  By  generai  and  local  faraditaHoH  and  tptml  fit* 
vanitation,, 

Case  LXXIL— Mr  D..  aged  44,  came  to  us  with  symptoms  typical  of  progrew 

muscular  atrophy.  Tliese  symptoms  had  been  developing  for  over  two  jpean.  Tb( 
thenar  and  hypothenar  eminences  of  the  right  hand,  together  with  the  masi  of  Bltf^ 
ossci  musde-s  were  so  wasted  a*  to  render  the  hand  nearly  useless*  The  outer  OMidtt 
of  the  left  hand  were  also  somewlmt  wasted,  so  that  the  littk  finger  of  that  ade«M 
last  becoming  powerless.  On  localizing  the  faradic  current  in  the  affected  mn&dcs  o( 
the  right  hand  it  was  found  that  there  was  some  degree  of  electro-muscodar  cQttti^ 
tility  in  all  of  them* 

tJp  to  a  few  days  before,  the  patient  had  been  unaware  of  the  nature  of  his  C0» 
plaint,  and  on  learning  its  true  character,  he  expressed  his  readiness  to  undergo  fO 
longeil  treatment.  In  addition  to  the  symptoms  above  stated,  he  compLaiaal  ot 
ireakness  and  stitfness  of  the  IimbS|  together  with  some  want  of  co-ordlnjitE&g  pOiOl 
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i  a  week  the  ptatienl  was  submitted  to  general  fjiradizatbii,  and  three  tiine»  a  wedc 
lo  gatvanuLLlion  of  the  spine,  and  rarsulizattan  of  the  affected  miiscLes,  Spasoiodlc 
cootractiou  occasionally  occurred  la  ihe  dexor  muscles  of  either  arm  aiid  band,  and 
tJieie  contractions  were  always  aggravated  if  the  faradic  current  was  applied  to  these 
mnades,  while  a  mild  continuous  galvanic  current  aflTorded  great  reliel  The  above 
tpcatinent  was  continued  uninterruptedly  for  four  months,  when  it  could  readily  be 
•ecu  that  there  was  an  appreciable  increase  in  the  size  of  the  atrophied  muscles,  espe- 
cially those  between  the  thumb  and  index  finger.  He  was  again  able  to  write  with 
cckoatdembie  readiness,  something  which  he  had  not  attempted  for  several  months 
His  limbs  had  gained  markedly  in  strength*  and  he  seemed  approximately  welL 

Progressive  mnsadar  atrophy  with  ptrraly sis  of  the  extensor  muscles  of  the  kand^^ 
Decided  relief  umder  l&eal  faradizati&n  and  gatvanitation  of  the  sympathetie — 
DipUgit  cofftractioHJ. 

Case  LXXIII. — A  gentleman^  agetl  40,  was  sent  to  us  by  Dr.  J,  J.  Crane.   There 
Kas  decided  paralysis  of  the  extensor  mu5.c1es  of  the  right  hand,  uith  !juch  marked 
Hb'ophy  of  the  muscles  at  the  base  of  the  ihumU  as  to  cause  both  the  thenar  and  hypo* 
^^enar  eminences  to  stand  out  in  bold  and  angular  relief.     Spas^modic  contractions  of 
■ihe  flexor  muscles  occasionally  occurred,  and  he  was  annoyed  by  sharp  neuralg^ic  pain* 
in  the  affected  part.     These  symptoms  were  first  noticed  somewhat  more  than  a  year 
previously,  and  the  apparent  cause  was  a  violent  jerk  that  he  had  received  about  that 
time.     The  patient  was  treated  by  galvanization  of  the  sympathetic,  and  faradisation 
of  Llie  affected  muscles,  and  the   result,  after  some  twenty  stances,  was  approximate 
relief  of  all  pain  and  tendency  to  spasmodic  contractions  *  the  grasp  became  stronger, 
ixkI  the  patient  was  again  enabled  to  write  with  some  degree  of  readiness^    The  treat- 
ment was  not  continued  MufEciently  long  to  enable  us  to  test  in  this  case  the  power  of 
farai.)i£atton  to  increase  the  muscular  tissoe. 

We  were  enabled  to  excite  in  this  patient  the  so-calletl  diplegic  contractions  of 
Remak. 

^'uICular  atrophy  of  three  yeari  standing — Increase  in  size  of  the  atrophied  mtiscles^ 
and  approximate  relief  of  associated  symptoms — The  patient  still  under  treat' 

Case  LXXIV. — In  the  case  of  a  gentleman  of  50,  who  at  the  date  of  writing  is 
still  at  OUT  hands  receiving  treatment^  ihai  has  already  extended  over  several  months, 
the  benefit  derived  has  been  of  the  most  decidetl  character.  The  first  symptoms  of  the 
disoase  were  observed  three  years  prior.  When  we  first  saw  him,  there  was  very 
marked  atrophy  of  the  muscles  of  the  right  hand  and  to  a  less  extent  of  those  of  the 
left ;  this  atrophy,  moreover,  was  making  appreciable  progres  from  month  to  month. 
*rhere  was  pwiralysis  of  the  index  finger  of  one  hand  and  the  little  finger  of  the  other  \ 
ttuaden  spasmodic  contractions  of  lx>th  hands  were  frequent  and  annoying,  and  there 
was  an  utter  inability  to  write.  Up  to  thb  lime  the  treatment  by  central  galvaniza- 
tion combined  with  faradixation  of  the  atrophied  muscles,  galvanization  of  the  flexors, 
with  occasional  stances  of  general  faradi^tion,  have  vastly  improved  the  patient  in 
every  symptom.  The  nutrition  has  been  so  far  improved  as  to  show  an  appreciable 
increase  in  the  size  of  the  affected  muscles.  There  has  been  an  approximate  recovery 
of  the  paralyzed  Bngcrs  ;  spasmodic  contractions  00  longer  aimoy  him,  and  he  enjovt 
coosldeimble  facility  with  the  pen. 
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Progressive  Myo-ScUroiic  Paralysis  {Progressive  Muscular  Hyper 
trophy)^  Pseudo*Hypertr0phic  Paralysis, — This  disease  of  childhood 
was  first  described  by  Dr.  Edward  Meryon,  in  a  paper  read  before  the 
Royal  Medical  and  Chirurgical  Society,  December,  1851.     A  case  was 

subsequently  reported  by  Dr.  T*  King  Chambers,  in  the  Medico  Chirur- 
gical Transactions,  1854.  The  disease  has  been  observed  in  two,  three, 
and  four  children  of  one  family.  The  disease  has  been  systematically 
studied  by  Duchenne,  who  was  the  first  to  set  it  before  the  profession 
&s  a  distinct  disease,  The  symptoms  of  this  affection  in  the  first  stage 
are  weakness  in  the  lower  limbs  and  flexion  of  the  toes ;  in  the  second 
stage,  ifurease  in  site  of  the  muscles  of  the  legs — especially  of  the  calves^ 
of  the  back,  and  of  the  gluteal  muscles  ;  in  the  third  stage,  extension  of 
the  disease,  muscular  atrophy,  exhaustion,  and  death. 

Electro  Diagnosis, — Farado-muscular  contractility  usually  diminished  j 
galvano-muscular  contractility  may  be  either  normal  or  exaggerated  ; 
electro-muscular  sensibility  is  sometimes  dimtnished,  sometimes  normal* 

Prognosis, — The  patient  is  pretty  sure  to  die  in  the  course  of  a  few 
years.  In  the  second  stage  the  symptoms  may  remain  stationary  for  a 
long  time.  Benedikt  was  able  to  improve  a  case  of  two  years'  standing 
by  galvanization. 

Treatment. — Faradization  and  galvanization  of  the  affected  mus* 
cles,  central  galvanisation,  and  galvanization  of  the  sympathetic,  should 
all  be  tried  in  succession  or  alternation. 
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Rheumatism  is  i  disease  for  which  electricity,  by  various  methods  of 
application,  has  been  employed,  with  more  or  less  success,  from  the  early 
periods  of  the  history  of  electrotherapeutics.  Next  to  paralysis,  it  ia 
perhaps  the  disease  in  which  the  original  experiments  of  electro-thera- 
peutists were  most  frequently  conducted ;  and  for  the  reason  that  (like 
paralysis)  it  is  so  frequently  obstinate  to  ordinary  remedies* 

Treatment.— B ting  a  ronstituiional  disease^  it  demands  constitutwnal 
treatment.  The  best  results  are  obtained  by  general  faradisation,  com- 
bined with  faradization  or  galvanization  of  the  affected  joints.  To  con- 
fine the  treatment  to  the  affected  joint  is  unphilosophical>  and  usually 
more  or  less  unsatisfactory,  for  the  obvious  reason  that  it  attacks  merely 
a  local  symptom,  which  at  any  time  may  be  transferred  to  other  and 
remote  parts  of  the  body.  The  true  method  is  to  lay  the  axe  at  the  root 
of  the  tree  by  making  the  applications  general,  so  as  to  bring  the  whole 
system  under  the  influence  of  the  current.  This  treatment  sometimes 
causes  increase  of  the  flow  of  urine^  and  almost  always  more  or  less  ex- 
hilaration, and  relief  of  the  pain.  Special  attention  should  be  given  to 
the  parts  which  are  chiefly  affected,  and  the  swollen  joints  should  be 
treated  by  mjld  and  steady  faradization  or  galvanization.  Where  in  the 
acute  or  subacute  forms  tlie  immediate  effects  are  agreeable,  it  is  prob- 
able that  continued  treatment  will  be  of  service.  For  the  local  treat- 
ment the  galvanic  and  farad ic  current  may  be  used  alternately. 
[  The  effect  of  the  current  on  the  inflamed  joints  is  to  relieve  the  pain, 
reduce  the  inflammation^  and,  where  effusion  has  taken  place,  to  cause 
absorption.  Absorption  may  be  caused  by  both  currents,  in  some  cases 
more  powerfully  by  the  galvanic.  If  the  currents  are  used  too  strong 
or  too  long,  the  pain  and  inflammation  may  be  increased.  For  appli- 
cations to  very  sensitive  and  painful  joints,  the  positive  pole  is  prefer- 
able (see  p.  281).  For  rheumatic  callosities  and  anchylosis,  very prO' 
longed  local  applications  of  the  galvanic  current  may  be  tried. 
Prognosis* — In  presenting  the  prognosis  of  rheumatism  great  strcsa 
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must  be  laid  on  the  distinction  between  the  chronic^  subacute^  and  mm 
cu/ar  varietirs. 

During  our  earlier  investigations  in  electro-therapeutics  we  treated 
perhaps  as  many  cases  of  rheumatism  as  of  any  one  class  of  disease 
The  apparent  results  of  treatment  by  electrization  in  many  cases  of  mus- 
cular^ and  in  a  number  of  cases  of  the  acute,  subacute,  and  chronic  vari- 
eties of  articular  rheumatism,  excited  our  enthusiasm,  and  led  us  to  hope 
tliat  a  remedy  had  been  found  that  would  prove  very  generally  and  pow- 
erfully  remedial  in  all  forma  of  this  disease.  Further  experience  and 
investigation  coJTipel  us  to  declare  that  we  are  not  to  expect  such  rapid 
and  decided  benefit  from  electrization  in  the  worst  cases  of  chronii  arti- 
cular rheumatism  as  we  at  first  supposed. 

The  most  uniform  results  are  obtained  in  the  muscular  fonn  j  the  n«l 
best  are  the  subacute  and  acute,  and  the  least  satisfactory  of  all  in  the 
chronic  stages. 

A  good  opportunity  to  note  the  immediate  effect  of  electrization  is 
afforded  in  those  cases  where  the  disease  is  of  such  severity  as  to  render 
any  of  the  muscles  of  the  body  almost  if  not  quite  powerless. 

Rheumatic  par^pis — Decidtd  relit/  under  general  farttiiamiicm. 

Case  LXXV, — The  sufferer  was  a  little  boy,  who  for  several  months  had  been  if» 
flic  led  with  both  acute  and  chronic  muscular  rheumatism*  The  Memo-clcida-tiuslokd* 
eus  and  the  platyRma-tnyoides  muficles  were  very  rigid,  and  frequently  contncte^ 
violently^  causing  acute  pain.  The  patient  was  unable  to  bring  his  jaws  ncutrlo 
each  other  than  one-half  an  inch,  white  it  was  iinpos&ilile  for  him  to  turn  the  heuioo 
cither  side,  without  at  the  same  time  turning  the  whole  body. 

The  entire  head  was  cxceetJingly  sensitive  to  slight  pressure  with  the  fiogcrs.  tte 
first  application  was  mode  with  an  exceedingly  mild  and  fine  faradic  current,  •wl*« 
of  ten  minutes'  duration.  With  the  hand  and  finger*  as  electrodes,  we  carefoQjrtt^ 
niputated  the  head,  neck,  and  individual  muscles,  until  the  ]:KitieDt  could  close  hb  mottlJti 
and  turn  his  head  to  cither  side  with  some  freedom,  and  without  sufTering  paio  or  mcov* 
vcTjicnce. 

In  about  a  week  the  patient  again  presented  himself  He  coulil  sifU  dose  lib  JtM 
hrmly,  but  was  unable  to  turn  his  head  as  r^ulily  as  before.  A  second  applkitioe 
relieved  him  as  completely  as  the  first.  To  our  regret  we  saw  no  more  of  thii  cwf 
after  the  second  visit,  hut  learned  subsequently,  however,  that  he  retained  the  ifiiprvv^ 
meatf  and,  under  internal  medication,  recovered. 

Intereostal  rkeumtttism  of  long  standing—  Improvement  under  general /&Fmiia^60^ 
Qk%^  LXXVL— A  gentleman,  sent   to  us  by  Prof.  Austin    Flint,  WBS  ippno^ 

mately  cured  of  chronic  rheumatism  that  chiefly  aflfected  the  intercostal  muscles^ 
For  nearly  three  years  he  bad  >>ufTered,  from  time  to  lime,  at  tacks  of  iiiOf«  at 

severity,  although  at  no  Lime  siince  the  disease  6r«t  manifested  itself  had  be 

tirely  free  from  it. 
It  was  a  singular  feature  of  his  disorder  that  it  was  aggravated  by  the  wmn  wcitbei 
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of  spring  and  lummer.  He  was  treated  by  genera]  electrization  witb  the  fomdic  cur 
Tcai  every  other  day  for  six  weeks.  He  gradually  improved,  and,  when  treatment 
was  discontinued,  he  remained  comparatively  free  from  any  symptoms  of  his  late  dis- 
order. 

Stthantte  ariicuiar  rA^umafitm^ Muscular  soremn  and  tHtargtmint  ef  joints  rt* 
lUvtd  by  three  general  faradiMOiiiins^ 

Cask  LXXVH  — By  the  courlesy  of  Pror.  Austm  Flint  we  treated,  in  October, 
1867*  a  case  of  subacute  articular  rheumatism  m  one  of  the  wards  of  Bclkvue  Hos]>i- 
tiL  For  three  months  the  patient  bad  syflfered  from  nniscvilar  sc>rencss  of  the  back 
and  sJtoulders,  and  a  considerable  enlargement  of  the  right  wrtat  and  ankle  and  the 
joints  of  tlie  first  toe*  of  the  feet.  Three  general  application^  with  special  reference 
to  the  discard  parts^  diissipaled  the  muscular  ,«.orene&5,  and  so  decidedly  relieved  the 
lameness  and  rcducetl  the  enlargcracnti  of  the  joints  that  the  patient  was  discharged 
from  hospital  in  three  weeks. 


Both  acute  and  subacute  rheumatism  occasionally  occur  complicated 
with  neuralgia  and  nervous  exhaustion,  and  are  usually  verj^  persistent. 

Sh&ochU  rheumatism — Rtght  deltoid  muscle  etrtd  several  joints  and  fingers  and  left 
knee  afflicted — Debiitty — Recovery  under  general  Jar ttdizatimi. 

Case  LXXVUL  — A  gentleman,  aged  about  40,  observed  and  treated  by  invitation  of 
Dr.  Howard  Pinkney.  m  Oct.,  1S67,  was  sulTcring  acutely  from  rheumatic  paralysis  of 
the  right  deltoid  muscle,  symptoms  of  inflammation  of  the  sheath  of  the  right  uhiar  nerve, 
swelling  of  several  of  the  joints  of  the  fingers  of  the  left  hand,  and  a  very  painful  enlarge- 
ment  of  the  left  knee,  ajid  great  debility.     It  is  proper  to  state  that  the  patient,  as  well 
ashU  physidan,  ascribed  his  great  nervous  prostration  partly  to  recent  and  excessive  dis- 
itpatiotr.     The  first  application  of  the  faradic  ctirrent  not  only  greatly  reduced  the 
temperature  of  the  olfocted  limbs,  but  restored  in  some  degree  the  lost  power  of  mo- 
lion  Xo  the  right  arm.     Under  the  influence  of  the  current,  the  leg  increased  in  size  and 
remained  in  this  condition  for  about  a  week,  when  the  swelling  rapidly  subsidecL     The 
beat  in  the  tn5amed  joints  did  not  again  rise  to  the  same  temperature,  and  the  paraly- 
sis of  the  arm  progressed  gradually  to>vards  recovery  from  the  first  application- 
Anaesthesia  of  the  deltoid  was  a  marked  symptom ;  but,  as  is  usually  the  case,  it  wai 
•eadily  dissipated. 

Treatment  by  electrization,  together  with  potass,  bromid.,  was  continued  from  Oct, 
3ist  tij  Nov,  9th,  when  the  patient  was  discharged  as  approximately  cured. 

Subacute  articular  rheumatism  of  nine  mcnth^  standing — Approximate  reeofuery 
under  general  /araditati&n  and  galvanization  of  the  spine ^  sympathetic^  and 
solar  plexus. 

Case  LXXIX — Mr*  S.,  aged 40,  had  fornine  months  sufTered  constantly  fromsub- 
a;ute  articular  rheumatism.  The  paroxysms  varied  in  ^verity,  and  the  *yeat  of  pain 
and  swelling  waa  con&tantly  thonging  from  the  finger-joints  to  the  wrist  and  elbows^ 
to  the  shoulders,  hips,  kne^s,  and  ankles.  The  most  constant  location  of  the  disease 
was  In  the  ankles  and  wrists,  and  in  consequence  incapacitated  htm  from  pursuing  his 
Avocation  of  a  book-keeper.  He  was  treated  fir^l  by  general  faradization  March  17th, 
1^71*  *^^  ^  ^  couple  of  days  the  galvanic  current  from  ten  ordinary  zinc  carbon  cellt 


WHS  directed  along  the  spine  from  tbe  sixth  ccrvicfti  vertebm  to  tbt  solar  pleraL  Thi 
method  of  treatment,  which  was  continued  for  two  months,  gradually  leaeaod  tk 
tendency  to  swelling  and  Lrntatton  of  the  joints,  and  enabled  the  patient  to  nsBmeUi 
basin  ess. 

When  the  treatment  was  discontinued,  he  had  not  entirely  recovered,  hot  dnnai 
the  summer  he  improved  still  further  and  through  the  following  winter  sod  ipnBf 
was  so  little  annoyed  by  his  old  enemy  as  at  no  time  to  be  compelled  to  intermit  hi! 
duties  of  writing,  even  for  a  day. 

Myalgia  {Muscular  Wieumatism), — ^This  name  is  commonly  applied 
to  neuralgic  or  rheumatic  pain  of  the  muscles  on  moveaieDt,  caused  usu- 
ally by  exposure  to  cold  or  dampness.     It  may  be  distinguished  from 
ordinary  neuralgia— ^rj/,  by  the  fact  that  the  pain  occurs  chiefly  on 
movement  and  not  on  rest ;  and,  secandly,  by  the  fact  that  the  sorf* 
ness  is  diflfused  through  or  over  the  muscles,  and  not  seated  or  fixed 
in  certain  nerve  tracts.     It  receives  different  names  according  to  its  \(hi 
cality.      In  the  back  it  is  called  lumbago;  in  the  thoracic  inuscle!|! 
pleurodynia  ;  in  the  neck  it  simulates  torticollis  or  wry*neck  so  doselj  . 
as  oftentimes  to  be  confounded  with  that  affection  (see  Torticollis), 

Treatment — Local  faradization  with  a  mild  current,  either  stabk  or 
labile,  usually  relieves  such  cases  in  a  short  time.  Stable  galvaniiatioo 
also  with  a  mild  current  may  be  at  once  effective.  Severe  application!  i 
may  increase  the  pain  in  this  affection.  The  fact  that  the  patient  ts 
not  at  once  relieved,  or  is  worse  after  the  first  application,  should  not 
discourage  us^  since  the  final  result  may  be  satisfactory.  Of  the  large 
number  of  cases  that  we  have  treated,  nearly  all  have  been  relieved  by 
one,  two,  or  more  apijlications,  A  single  application,  with  sl  mild  cm- 
rent,  prolonged  for  one  or  more  hours,  may  sometimes  entirely  dissipate 
an  attack  of  myalgia. 

It  is  in  myalgia  that  the  belts,  chains,  bands,  disks,  etc,  worn  oa  the  I 
body,  have  obtained  the  best  results.     A  convenient  arrangemeot  for  | 
making  prolonged  or  continuous  local  applications  of  very  mild  galvioic 
currents  is  the  electric  disk  of  Dr.  Garratt, 
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Piection  between  the  pairs,  which  are  insulated  by  thin  rubber,  Th^ 
disk  is  made  in  two  general  varieties — the  circular  and  the  oblong,—' 
the  latter  being  used  for  the  limbs  or  back  ;  the  former^  which  is  verv 
flexible,  can  be  applied  to  almost  any  portion  of  the  body,*  The  ver) 
slight  galvanic  action  of  these  disks,  which  is  excited  by  the  moisture  of 
the  body,  may  be  increased  by  wetting  the  skin  beneath  them  with  salt 
ivater.  They  should  only  be  worn  a  part  of  the  time,  either  in  the  day 
or  night.     They  may  be  used  for  weeks  and  months. 

That  these  and  other  similar  contrivances,  when  scientifically  con- 
structed, may  relieve  slight  local  and  superficial  pains,  there  is  no  ques- 
tion.  In  the  treatment  of  deep-lying  affections  of  the  brain,  spinal  cord, 
and  viscera,  or  severe  neuralgia,  very  many  important  results  have  not 
yet  been  reported  for  rhem.  The  results  that  appear  under  their  use 
may,  perhaps,  be  sometimes  explained  in  part  by  their  effect  on  the 
imagination  of  the  patient,  and  by  the  counter-irritation  which  they  un- 
questionably excite  when  long  worn.  To  differentiate  these  effects  is 
quite  difficult, 

C&mpkU  reHtf  of  muscular  rheumatism  of  several y tars*  standing  by  a  dozen  appH* 
cationt  of  general  faradization. 

Cask  I.XXX. — Mr.  F.,  aged  30,  wtis  directed  lo  us  by  Dr.  Thompson,  The 
patient  wis  of  a  delicate  constiiutio%  and  from  childhood  had  be«n  extremely  sus- 
ceptible to  all  external  influences,  A  few  years  previous  to  his  visit  to  us,  he  began  to 
l»e  severely  alTectcd  by  muscular  rheumaiic  pains  having  their  seat  more  especially  in 
both  shoulders  and  the  chest. 

He  became  anaemic  and  suffered  much  from  cardiac  palpitations.  He  was  at  once 
»uhmitted  lo,  and  treated  only  by  general  faradization  in  its  most  thorough  form. 
The  effects  were  immediate  and  decided.  He  suifered  less  from  the  i^rst  stance,  and 
m  three  week*  after  the  administraiion  of  a  doien  applications,  the  relief  the  patient 
cjcperienced  was  complete 

Muscular  rheumatism  of  the  hips  and  limbs  existing  a  month — Itapid  recavefy  under 

faraditation  of  the  affected  parts. 
Case  LXXXL — Mr.  S.,  an  old  gentleman  of  65,  was  referred  lo  ns  by  Dr.  J, 

O'Farrington. 

The  patient  was  suffering  acutely  from  pain  and  lameness  across  the  lower  portioti 
of  the  back  and  hips,  while  both  thighs  were  so  exquisitely  sensitive  as  to  render  hbn 
utterly  unable  to  walk.  These  symptoms  had  resulted  from  exposure  to  cold  a  month 
previously,  and  had  resisted  various  methods  of  treatment.  Faradization  of  the  affected 
ports  one  evening  just  before  retiring  diid  not  immediately  allay  the  pain  and  tender- 
ness ;  but  the  following  morning  found  hira  able  to  take  a  few  steps  with  comparative 
comfortf  and  by  evening  he  had  very  perceptibly  improved.  The  same  application, 
repeated  on  successive  evenings,  enabled  Ihe  patient  in  the  cour&e  of  a  week  to  walk 
with  considerable  case,  and  m  a  fortnight  all  lameness  had  disappeared. 

*  For  sensitive  patients,  and  especially  for  ladies,  the  oblong  **  button-disk"  is  uta 
illy  to  be  preferred,  on  account  of  its  greater  lightness  And  flcjtibiiity. 
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Gout, — In  thfc  chronic  form  of  goat  faradization  is  someLimes  of  essen 
tial  service.  Gei  eral  faradization  and  central  galvanizadon  naay  be  tried 
with  the  hope  of  raising  the  tone  of  the  system,  and  so  as  to  enable  it  to 
better  cope  with  ihe  disease.  Temporary  relief  of  the  pain  may  be  derived 
from  either  locat  galvanization  or  faradization  ;  but  anything  like  a  per- 
manent removal  of  the  disease  is  not  to  be  expected  from  way  fonn  <tf 
electrical  treatment. 

With  some  gouty  patients  the  electrical  treatment  acts  so  decidedij 
that  we  are  disposed  to  resort  to  it  daring  the  subsidence  of  each  atl^k* 
to  relieve  the  pains  and  hasten  recovery*  Galvanization  of  the  affected 
joints  does  not  seem  to  produce  the  absorbing  or  catalytic  effect  that 
could  be  desired^  although  when  judiciously  used  it  accomplishes  some- 
thing.  Whether  any  benefit  can  be  derived  from  any  form  of  elcctri^^ 
tion  during  the  acutt  stages,  we  are  unable  to  say. 


Goni  of  ikiriy  ytarf  sianding  in  a  gintlem^n  sixiy  yean  cf  age — Pcnlim  riUif 
from  general  faradUaihn  in  the  TudsiMng  stage  of  an  attack. 

Case  LXXXIL — Mr.  W ^  a  retireti  gentleman  of  60  years,  who  bad  Jived  a 

considerable  case  for  a  niiml>er  of  years,  con^uUctl  us  March  20,  1868,  For  thirly  \tiii 
he  had  suffered  from  attacks  of  gout,  especially  during  the  fall  and  winter  seisoK 
When  he  first  consulted  us,  he  was  in  the  subsiding  stage  of  a  severe  attack.  We 
gave  him  four  applications  of  general  faradization  that  relieved  his  pains  and  seemfll 
to  hasten  hb  return  to  his  usual  condition  of  health  during  the  intervals  Sub^cquentlj 
the  patient  resorted  to  electrical  treatment,  with  decided  benefit.  Whether  the  treat- 
ment had  the  effect  to  cliimnish  the  violence  or  frequency  of  the  attacks^  we  hsMii«< 
been  informed. 

Rheumatic  Gout  {Arthritis  nodosa). — This  affection  is  neither  go«t 
nor  rheomatisoi,  but  appears  to  be  a  distinct  constitutional  affection. 
J  t  occtirs  most  frequently  in  the  delicate  and  the  nervous,  and  may  be 
regarded  as  essentially  a  condition  of  debility.  It  is  very  apt  to  affect 
the  hands,  fingers,  and  toes,  and  soinettraes  thoroughly  cripples  tbc 
patient. 

Treatment. — This  condition  is  most  successfully  combated  by  tonics, 
and  electrization,  more  for  its  tonic  effects  on  the  system  than  for  ^^1 
Bpecial  catalytic  power  over  the  enlarged  joints.  General  faradization, 
central  galvanization,  and  galvanization  of  the  sympathetic  are  the 
methods  that  experience  has  shown  to  be  most  useful  in  this  veryintra^' 
table  malady. 

Prognosis. — The  prognosis  in  rheumatic  gout  is  not  brilliant.  T^ 
pains  can  be  relieved,  the  sleep  can  be  itnproved,  and  the  system  c*Q 
be  in  every  way  strengthened  by  the  electric  treatment,  and  even  t"* 
enlarged  joints  can  be  made  to  diminish  in  size,  or  at  least  10  be  ^^ 
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troublesome.  As  nearly  all  patients  afflicted  with  rheumatic  gout  are 
in  a  condition  of  debility,  the  improvement  experienced  at  first  undei 
general  faradization  is  such  as  to  lead  them  to  hope  for  a  permanent 
eradication  of  the  disease.  In  this  respect  they  are  always  disappointed. 
The  disease  may  be  held  at  bay,  but  is  never  banished.  It  is  doubtful, 
indeed,  whether  the  benefit  is  not  entirely  due  to  the  tonic  effects  of  the 
treatment  on  the  system,  and  not  at  all  to  any  special  influence  over 
the  rheumatic  gout 

Other  remedies  are  so  powerless  in  this  affection  that  electrization 
is  worthy  of  a  trial  for  the  sake  of  its  general  effects.  We  have  treated 
a  number  of  cases  by  general  faradization,  central  galvanization,  and 
local  galvanization  of  the  affected  joints,  with  palliative  and  tonic  effects 
of  a  most  decided  character.     Dr.  Althaus  has  had  similar  experience. 
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SPASMODIC   DISEASES. 


Or  spasmodic  diseases  this  general  law  holds,  that  when  recett,  evet 
though  violent,  they  yield  readily  to  electrical  treatment ;  but  when 
long  standing,  they  are  easily  palliated,  cured  with  difficulty,  and  arc 
prone  to  relapse. 

Writer^s  Cramp. — This  affection  is  not  peculiar  to  writers*  An  anal- 
ogous condition  may  attack  seamstresses,  milk-maids,  and  others  w^bosc 
callings  compel  them  lo  use  for  a  long  time  a  certain  set  of  the  muscles 
of  the  hand.  It  is  believed  that  the  affection  is  not  purely  peripheral, 
but  that  it  frequently,  if  not  always,  is  connected  with  disease  of  thf 
upper  portion  of  the  spinal  cord. 

Whether  found  in  the  artist,  rendering  him  unable  to  manipulate  bis 
brush — the  pianist,  preventing  him  from  fingering  his  instnimeol— or 
the  penman,  causing  his  writing  to  be  almost  if  not  quite  illegible—the 
same  general  characteristic  is  observed,  viz,,  the  recurrence  of  spasm 
or  pain  whenever  an  attempt  is  made  to  execute  a  special  movement 

Pains  resembling  neuralgia  or  rheumatism  so  closely  as  to  be  coo- 
founded  with  those  diseases,  frequently  accompany  writer's  cramp. 

Th^  prognosis  in  the  early  stages  is  sometimes  favorable  for  a  perfect 
cure ;  advanced  stages  of  long  standing  cases  are  usually  rebellious  ♦ 
but  even  these  may  be  much  relieved*  I^est  from  tkt  occupatim  ts 
almost  imperative. 

The  treatment  should  be  both  central  and  peripheral*  Galvanization 
of  the  upper  portion  of  the  cord  and  of  the  median  and  radial  nerves, 
spinal  cord,  plexus,  and  nerve-cunrents,  and  faradization  of  the  affected 
muscles  and  of  their  antagonists,  may  be  tried,  and  when  anesthesii 
exists  the  wire  brush. 

Unfortunately,  however,  those  who  are  most  frequently  subject  to 
writer's  cramp  are  the  very  ones  who  are  unable  to  take  the  neccsarj 
rest 

Although  the  results  of  treatment  by  electrization  in  this  variety  ^ 
palsy  is  by  no  means  uniform,  yet  it  has  undoubtedly  been  followed  tn 
many  instances  by  approximate  and  even  perfect  recovenv 
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Writftf*t  tramf^  ixitUmg  /or  four  y€€trs — Impnwtmtnt  und^r  fmradimoHon  and 

•  ^ahfanitation^ 

Case  LXXXtlT—  Fur  four  years  lite  patient,  a  gentleman  agcti  55,  had  obscrveda 
certain  loss  of  power  in  the  thumb  and  index  finger  of  the  right  hand,  ihat  became  more 
decided  and  annoyed  him  more  and  more  serioufdy,  so  that  abotit  a  year  previous  to 
his  visit  to  us  he  was  enabled  only  with  difficulty  to  write  the  few  pages  daily  that 
Ms  business  required. 

The  patient  was  unable  to  fully  extend  the  thumb  and  index-fingcf,  and  on  localii- 
ing  the  faradic  current  through  the  Bexor  longus  pollicis  and  the  adductor  polUcis, 
there  was  a  marked  decrease  in  the  electro- muscular  contractility.  The  flexors  and 
extensors  of  the  other  fingers  responded  normally  to  the  influence  of  the  current.  The 
inner  surface  of  the  hand  was  decidefjly  anaeslheiic,  while  be  complained  of  a  constant 
soreness  of  the  wrist  that  at  times  became  {|uit;e  painfuL 

We  began  with  the  faradic  current,  localLtlnij  it  through  the  two  muscles  of  th« 
thumb  specially  affected,  and  also  making  the  application  more  general  through  arm, 
wrist,  and  hand. 

This  method  completely  dissipated  the  annoying  aniesthesia  and  soreness  of  the 
wrist,  but  resulted  in  no  other  benefit. 

A  mild  gnlvanic  current  from  six  Bunsen*s  celts  was  more  effectual.  Twelve  appli- 
cations resulted  Ln  a  considerable  increase  of  strength  in  the  affected  hand,  and  the 
flexor  muscles  of  the  thumb  and  Index^Enger  very  decidedly  relaxed,  so  that  he  was 
readily  enabled  to  accomplish  two  or  three  times  more  in  the  way  of  writing  than 
before. 

If     In  some  cases  of  writer's  craiiip,  and  especially  in  the  early  stages, 
ancEsthesia  or  numbness  is  the  leading,  if  not  the  only,  symptom.    This 
^  may  appear  long  before  the  cramp. 

fncipiint  writer^ t  cramp  in  an  editor— Profound lotaJ anasiktsia — Rapid  rtlitfundgr 
localifed  faradizaiion  and  galvanivttien. 

Cask  LXXXIV.  — Mr.  H.  C.  B  ,  a  gentleman  over  60  years  of  age,  a  prominent 
editor,  was  referred  to  us,  November  20,  1S72,  by  Dr,  C.  L.  Mitcbcll 

The  only  symptom  of  which  the  patient  complained  was  a  numbness  of  the  last  two 
phalanges  of  the  right  index- finger.  The  electro-sensibility  was  so  much  diminished 
that  a  strong  faradic  current,  which  on  the  third  phalanx  and  all  the  other  fingers  of 
the  hand  was  intolerable,  was  but  little  felt  on  the  last  phalanx,  and  caused,  indeed, 
rather  an  agreeable  sensation.  The  a^thesiometer  also  indicated  great  anaesthesia. 
The  muscles  all  responded  well  to  the  will  and  to  electricity.  The  symptoms  had 
existed  about  two  weeks,  and  had  come  on  gradually.  There  was  no  evidence  of 
cerebral  difEcuIty  or  of  spinal  sclerosis ;  in  all  other  features,  except  the  numbnesa^ 
and  a  slight  feeling  of  weakness,  or  rather  of  nervousness  in  the  arm,  the  patient  if 
wdL 

At  that  fftage  there  was  no  tingling  or  pricking  sensation,  no  neuralgia,  and  no 
■l^asm^ 

We  made  the  diagnosis  of  incipient  writer*s  crump,  partially  by  exclusion^  and 
partially  by  the  positive  sympioms  of  numbness  and  weakness  in  the  parts  concerned 
in  writing. 
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Faraduation  with  sponges  and  the  metallic  brush  gave  immediate  relief;  tlie  hi 
Bitting  did  much  toward  restoring  the  sensation.  In  nine  days  6vc  appiicatioui 
only  the  last  phalanx  of  the  in(icx-fingt:r  remained  anxsthetic  This  part  wtiobtt^ 
nate  throughout,  especially  on  the  very  tip  of  the  finger. 

The  patient  now  felt  that  he  was  well,  and  closed  his  visits,  still  working  as  i^ 
with  his  pen  as  hard  as  ever  almost  all  day  long, 

December  7th  he  returned^  whh  a  return  of  the  symptoms  of  numbness,  cfimpft 
cated  with  pricking  and  tingling  sensations,  neuralgia  of  the  arm,  and  great  deUlit|, 
Long  writing  caused  great  uneasiness^ 

Ahsaluttrtit  from  writing  was  now  demanded,  and  the  patient  obeyed*  itIO  «M| 
his  brain,  but  employing  a  secretary.  Again  he  began  to  improve  under  pcripboil 
faradiiation  and  galvaaization,  and  galvanization  of  the  upper  part  of  the  spbe  sad 
cervical  sympathetic 

January  i,  1873^  he  was  very  much  better — indeed,  nearly  well.  That  diy  ^ 
slipped,  and  fell  down  the  steps  of  his  house,  and  struck  on  the  hand  and  shoulder  oT 
the  affected  arm.  The  shock  lamed  him  greatly,  and  caused  for  a  long  time  sti&di 
and  much  pain  of  the  shoulder. 

The  electrical  treatment  was  renewed,  January  I4tb,  and  continued  every  othef 
day  during  the  month,  with  satisfactory  results.  The  enforced  rest — for  the  poiiaU 
waa  confined  (0  the  house — co-operated  with  the  electrical  treatment. 

T&rticollis  ( Wry-mck). — This  familiar  disease  consists  in  a  spasm  of 
the  muscles  of  the  neck,  by  which  the  head  is  drawn  to  one  side.  Tbe 
spasms  may  be  tonic  or  clonic. 

Although  the  pathology  of  the  disease  is  obscure,  it  is  yet  quite  dear 
that  it  is  of  a  nervous  character.  More  than  by  any  other  cause,  itii 
brought  on  by  excessive  mental  labor  or  anxiety.  The  symptCMni 
usually  come  on  gradually  ;  the  muscles  of  the  neck  on  the  side  tovsid 
which  the  neck  is  turned  are  sometimes  flabby  and  atrophied,  and  the 
muscles  on  the  other  side  are  hard,  lumpy,  and  enlarged.  Frequeotljf 
the  deeper  muscles  of  the  neck  are  involved,  as  well  as  tbe  steoM^ 
cleido-niastoid  and  trapezius.  The  spinal  accessory  uefve  wo^ld  ip* 
pear  to  be  at  fault.  The  condition  is  really  a  kind  af  ^*  fartiaJ  fkwm^ 
analogaus  to  writer^  s  cramps  facial  spasms^  spasm  af  the  eytiid^  mt 
like  all  these,  is  usually  very  obstinate,  except  in  the  mild  form  md 
early  stages.     The  disease  is  frequeutiy  tr&ught  on  bj  excit^mfni  n 


Diagnosis,  ^The  disease  should  not  be  confounded  witli  ^^^^m^ 
stiff *neck  that  is  caused  by  rheumatism  of  the  muscles  of  the  aeckttl 
is  analogous  to  lumbago.  In  stiff-neck,  which  usually  yields  lo  liflA* 
nation  like  other  forms  of  myalgia,  the  head  is  kept  from  movtff  bf 
the  pain  which  movement  causes.  Difieaaes  of  spine  and  diseases  of 
the  brain  sometimes  produce  tonic  spasiaa  of  the  muscles  of  ibe  oecl 
that  resemble  torticollis. 
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Ehctrtc  Ejcaminati&n.^Ovi  the  affected  side  *  the  muscles  sometimei 
&xhibk  increased  electro-muscular  contraclility  and  sensibility.  On 
the  other  side  the  electro-muscular  contractility  is  sometimes  dimin- 
ished. 

Treatment, — Galvanization  of  the  muscles  of  the  affected  side  with 
luild  currents,  and  faradization  of  the  muscles  of  the  other  side,  galvanic 
nation  of  the  sympathetic  and  cervical  spine,  are  the  methods  that 
ihould  be  tried  in  this  disease.  Tbey  may  be  tried  simultaneously  or 
b  succession. 

Protracted  applications  are  not  ordinarily  indicated  in  this  affection. 
General  treatment  is  only  required  when  the  patient  is  debilitated 

In  connection  with  the  use  of  electricity,  the  hypodermic  injection 
of  morphine  and  counter-irritation  of  the  cervical  spine  by  blisters,  and 
mechanical  contrivances  for  keeping  the  head  in  position,   may  be 
tried* 
b    Prognosis,— \x^  the  eariy  stages  torticollis  may  be  relieved  or  cured 
■by  electrical  treatment  alone.     After  it  has  been  established  for  a  num- 
ber of  months,  it  becomes  one  of  the  most  intractable  of  diseases. 
Even  when  relieved  by  treatment,  it  is  much  disposed  to  relapse.     No 
-case  should  be  abandoned  until   both  galvanic  and  faradic  treatment 
mas  been  thoroughly  tried,  since  it  is  the  only  method  of  treatment  that 
offers  even  any  hope  ;  and  the  physician  should  not  be  discouraged  if 
the  symptoms  appear  to  be  aggravated  by  the  first  few  applications,  but 
Ihould  reduce  the  strength  of  the  current  and  the  length  of  the  stances. 
The  same  remark  will  apply  to  analogous  diseases,  such  as  writer's 
jramp  and  facial  spasm. 

lijtiS>/hfig  staniiingf  hr ought  on  fy  aver*confinem^nt  and  anxiety — Some  ri* 
lief  from  faradiuttian  and  gaivanitation. 

Case  LXXXV.— Mr.  K ,  aged  40,  was  sent  to  us  June,  1870,  by  Dr.  Willanl 

Wker.  For  several  years  before  the  attack  appeared  he  had  been  in  his  usual 
ealih,  but  had  been  severely  confined  and  much  distressed  by  the  cares  of  businest, 
fhc  symptoms  appeared  gradually ;  ihey  were  at  first  slight,  and  only  developed 
iheir  full  force  after  several  weeks.  When  we  first  saw  him  he  had  been  suffering 
lor  several  months.  His  face  was  almost  constantly  turned  toward  the  left  «ide. 
the  opposite  fdde  the  stemo-cleido  muscle  was  considerably  hypertrophied,  and 
Other  flabby.  The  position  of  his  face  and  the  violence  of  the  cramp  were 
dependent  on  mental  influences^  being  aggravated  by  exhaustion  or  worry. 
Ettctru  ixamination  ihowed  increase  of  electro -muscular  contractility  in  the  af- 

•  If  ihould  be  considered  that  the  stemo*deido*mastoidg  as  it  pulls  the  bade  of  th« 
t  iffward  the  ihi^ulder^  turns  the  face  in  an  apposite  direction.      The  face  ikert^ 
r4  if  imrned  aumy/rom  the  affected  muscle* 
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fected  side,  and  diminution  on  the  opposite  side  (towards  which  the  facei 
Careful  examination  revealed  no  evidence  uf  disease  of  the  vcrtebric. 

The  patient  was  treated  by  stablt  gahamiaiHm  q/  tht  hypertrof^hitd  ^md  k 
mmcU^  by  spinal-cord  ittac/iial  pUxits  turrint,  by  latvantiait&n  ef  tkr  tymfttlktii 
and  spine  ^  by  farad izai  ton  of  the  fiabby  muscUi  of  iht  t^pfositt  sidi^  andby  gt^tr^ 
faradization^  In  three  weeks  there  was  positive  bat  not  marked  improwinenlj 
there  wa*  decrease  of  the  hypertrophy  of  the  muscle  and  some  dtminatioo  oi  ibt 
spasm. 


Toriicifllis  0f  a  months  dnraii&H— Rapid  rtcffvery  undtr  ioca4  furadt^atm. 

Ca^e  LXXXVL—Miss  B-^ — ,  aged  20,  was  directed  to  us  by  Dr.  W,  W.  Jooes* 
of  New  York.  A  month  previoos,  she  caught  cold  in  the  neck  from  a  draught  of  itf 
while  at  a  concert.  For  a  week  subsequently,  she  would,  every  few  moraenls,  W 
voluntarily  turn  her  head  to  the  right,  uniil  liriaJly  it  became  fixed  in  this  pwitioa 
From  the  fact  that  she  was  not  prevented  from  tuteing  her  head,  simply  from  {aii^ 
and  that  when  it  was  brou'^ht  to  the  proper  poMtion  by  faradiziug  themuKk^W 
pAin  was  caused,  we  concluded  that  we  had  nfj{  to  deal  with  a  common  »tiirQ9Cfam' 
suiting  (rom  rheumatism^  but  with  tonic  spasm  of  a  nervous  character.  The  masckl 
of  the  neck  on  the  side  towards  which  the  head  was  turned,  liad  appreciably  atro|>hH 
while  ^n  the  opposite  side  they  were  hard  and  enlarged.  These  latter  muscles  cs» 
bibtted,  as  usual^  increased  electro* muscular  contractility,  while  on  the  right  s^Ct 
towards  which  the  head  was  turned,  contractility  was  diminished.  The  abwre  pfc** 
nomcna  represent  fairly,  we  think,  what  arc  usaally  observed  in  the  earhcr  stigei  «* 
the  disease,  and  the  following  treatment  is  typical  of  what  we  have  successfully  flo* 
ployed  in  a  number  of  similar  cases.  At  each  sitting,  the  muwrlcs  of  the  left  8^ 
(those  that  were  large  and  prominent)  were  submitted  to  mild  giJvanizatioo  ^ * 
moment  or  so,  while  the  contracted  st em o-cleido- mastoid  muscle  of  the  righl  li^ 
towards  which  the  head  was  inclined,  was  faradized  with  suf!icient  force  to  attfc  1 
relaxation  of  muscular  fibre,  allowing  the  head  to  turn  gradually  to  its  natural  pe^* 
tion.  Upon  removing  the  electrodes  after  the  current  bad  passed  several  loiaateV 
the  head  would  retain  its  piosition  without  the  conscious  aid  of  the  paticol**  wil. 
After  an  interval  of  some  five  minutes,  it  would  again  turn  to  the  right,  ThcpaUfi*^ 
rapidly  improved^  and  after  two  months  of  treatment  hod  quite  recovered. 


Paralysis  Agitans  {Shaking  Faisy). — There  arc  two  kinds  of  shak- 
ing palsy  ; — 

I  St.   Those  with  organic  Us  ions. 

Sclerosis  of  some  form  is  the  pathological  state  that  usually  gives  riK 
to  the  symptotns  of  shaking  palsy, 

2d.    Those  where  no  lesion  can  be  discoveretf. 

These  are  usually  styled  functional,  although,  like  hystena,  theyi 
be  supposed  to  depend  on  some  molecular  derangements  which  Ut 
not  revealed  to  the  microscope. 

The  disease  may  be  local  or  general ;  it  may  attack  one  limb,  or  the 
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er  jaw^  or  all  four  extremities.     It  is  most  frequent  ifi  the  aged,  but 
sometimes  observed  in  middle  life,  or  in  the  young. 
Treatment — ^Central  galviiniisation    and  general    faradization,    foi 
neral  effects,  may  be  used  in  shaking  palsy  with  benetit.     The  best 
uUs  have  been  obtained  by  galvanization  of  the  spine  and  sympa 
hctic  and  brain* 
Pragnosis. — Cases  where  a!l  the  limbs  are  affected  are  never  cured 
mf  any  method  of  treatment^  especially  in  the  aged-     Cases  in  whicb 
T>nly  one  limb,  or  one  upper  and  one  lower  limb,  are  affected  are  some- 
times benefited,  and  in  rare  instances  cured.     Temporary  relief  can 
metimes  be  obtained  where  no   permanent   benefit  results.      The 
:mor  of  the  limb  is  sometimes  abated  or  completely  arrested  for  one 
more  hours  after  the  application  either  of  general  faradization  or 
\lvanization  of  the  spine^  and  in  rare  cases  entire  recovery  occurs. 
)r.  RusscU  Reynolds  has  reported  a  cure  by  the  galvanic  current     Re- 
ntly  Jules  Charon,  of  Paris,  has  pubUshed  the  results  of  galvanization 
7  cases.     Of  these  2  were  cured ;  2  were   much  improved  ;  and  3 
rere  much  improved  in  their  general  condition,  but  not  in  tlie  tremor. 

ease  9 f  patsy  agiians  associated  vtith  spasmodic  museular  eontraetion  and  nmtral* 
gic  paint — Approximate  relief  from  eentrat  gatvanitathn  and  generat  faradiwa* 

ASE  LXXXVU, — Mrs.  M.,  aged  50,  applied  to  us  for  the  relief  of  &  disorder  of 
lick  the  foUowifig  were  the  main  symptoms.  These  symptoms  had  been  almost 
istunt  for  more  than  fifteen  months:^— 

The  patient  was  so  exceedingly  feebJc,  that  a  walk  of  a  few  blocks  caused  complete 
;haustiga. 

Neuralgic  pains  b  the  face,  right  arm,  and  side,  were  constant  although  varying 
intensity.     Sometimes  the  dii^tress  was  for  hours  most  eKcruciatlng,  and  then  an 
itcrval  of  rest  would  occur  in  vvhicli  the  pain  was  barely  appreciable.     Tain  along 
ic  spine,  but  no  tenderness  to  pressure.    The  most  annoying  symptoms  were  frequent 
.modic  contractions  of  the  muscles  of  the  neck,  while  a  constant  and  incessant 
imbling  of  the  hands  during  the  waking  hours  made  with  the  rest  a  complication  of 
ptoms  that  pointed  to  structural  change  of  the  upper  portion  of  the  cord.     Cen- 
galvantzation  was  in  this  case  alternated  with  general  faradization.     So  far  as 
spasmodic  contractions  of  the  muscles  were  concerned,  the  effect  was  immediate, 
»cing  followed  by  complete  and  permanent  relief. 
The  neuralgia  was  grarluaMy  dispelled,  and  the  trembling  or  shaking  in  the  course 
two  months'  treatment  so  benefited  as  to  Ije  hardly  noticeable.     During  the  sum- 
that  followed,  the  patient  was  almost  cntu-cly  free  from  every  unpleasant  symp* 


nilaterat parafytii  agifans  in  a  man  aged  tixiy years —  Fery  decided  alteviation  0/ 
symptQffti  under  central  gati^anizatioH. 

[Case  LXXXVIIL — Mr.  James  A.,  aged  sixty  years.     Suffering  from  unilatera) 
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palsy  agilansof  the  left  side.  Was  placed  under  our  care  by  Dr,  Andrews,  ofUikft, 
August  I,  1870. 

The  first  ^miptoms  of  this  disease  became  mfttiifcst  ia  October,  1S69,  and  gradw 
ally  increased  in  seventy  until  January,  1S70,  since  which  time  there  had  \Ktnit< 
appreciable  aggravation  of  his  condition.  The  patient  was  a  mechanic,  occupiRl  af 
most  constantly  in  filing  saws,  and  it  wits  bis  firm  impression  that  the  pecQliar  tn^ci 
ence  iransmitteti  to  the  cord  by  the  steady  scni|>e  of  the  file  was  an  important  facto* 
in  the  production  of  the  disease.  However  this  may  be,  it  was  certaui  that  be  wu 
now  unable  to  use  his  file  a  moment  without  causing  most  disagreeable  feelingv 

We  essayed  a  few  applications  of  general  faradization,  but  as  it  did  not  seem  to  al 
lay  any  of  the  disagreeable  features  of  the  disease,  we  resorted  to  central  galvamn 
lion.  After  a  few  applications  to  the  brain,  sympathetic,  and  spinal curd»  the  speech, 
which  was  decidedly  affected,  so  that  he  stuttered  and  hesitated  in  every  dhrl  ta 
talk,  became  perfectly  normal^  and  he  was  no  longer  annoyed  by  it.  For  bobj 
months  lie  Imd  been  unable  to  sleep,  unless  lying  on  the  back  with  the  arms  pre«* 
to  the  side.  In  four  weeks  be  was  abie  to  sleep  with  perfect  comfort  in  any  pott 
tion. 

The  patient  remained  under  observation  some  three  months,  and  received  in  ill 
about  twenty-five  a^ipUcations.  He  improved  in  hU  general  condition  %*ery  OecideUly, 
the  arm  and  leg  l>ccarae  much  stronger,  and  the  shaking  movements  decrcjLsjdi  m 
seventy  at  least  fifty  per  cent.     Further  than  this  we  were  pow^tess  to  assut  hun. 

Asthma, — Asthma  is  one  of  the  conditions  for  which  it  would  be  sup- 
posed, d  priori^  thai  electrization  tnight  be  of  service ;  and  yet  the  publlshcii 
records  of  successful  treatment  are  not  very  extensive.  One  of  the 
earliest,  if  not  the  very  earliest,  experimenters  in  this  department  wis 
Dr  Wilson  Phili|>,  who  began  his  researches  in  electricity  in  the  eariy 
part  of  this  century.  **  liy  transmitting  its  influence  (galvanism)  from 
the  nape  of  the  neck  to  tbe  pit  of  the  stomach,  he  gave  decided  relief 
in  every  one  of  twenty-two  cases,  of  which  four  were  in  private  pracllccr 
and  eighteen  in  the  Worcester  Infirmary.  The  power  employed  varied 
trom  ten  to  twenty-five  pairs."  The  treatinL'nt  which  is  theoreticiliy 
indicated  is  galvanization  of  the  pneurnogastric  and  sympathetic 
Benedikt  mentions  a  case  successfully  treated  by  this  method. 

The  methods  we  employ  in  asthma  are  galvanization  of  the  prcu- 
mogastric  and  cerebral  galvanization,  and  usually  with  temporary, 
though  not,  as  a  rule,  with  permanent  benefit. 

The  faradic  current  is  sometimes  effective  in  affording  temporary 
relief  after  failure  of  the  constant  current.  In  several  cases  that  hav< 
fallen  under  our  observation  persistent  faradization  of  the  chest  and 
neck  has  been  followed  by  marked  relief. 

Asthma  of  three  manth/  standing — Apparent  re€m'€ry  under  l&raHuJ  gahumiMikm^ 

Case  LXXXIX. — Ann  M,  C,  treated  at  Demilt  Disi>ensary,  had  her  first  MUck 
of  asthma  three  months  before  seeking  electrical  treatment.  Every  few  days  thereafter 
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A  jmroxysm  of  considerable  severity  would  prostmte  ber.  Before  the  onset  of  the 
Attack  she  invariably  experienced  ft  cold  sensation  betv^ecn  the  shoulders.  The  ex- 
pectoration, which  so  soon  as  she  can  throw  off  affords  relief,  had  the  appearance  o( 
boiled  starch.  The  smell  of  cooking  always  hastened  an  attack*  The  patient  wai 
treated  from  May  i8,  1S71,  until  June  lyth,  by  the  method  of  localized  galvanization^ 
when  she  was  discharged  apparently  cured. 

Asthma  of  many  year/  stamiing — Decided  temporary  relit/  from  local  faradim* 
tioft — No  permanent  benefit* 

Case  XC  — June  20,  1S71,  we  treated  an  old  gentleman,  a  pntient  of  Dr.  John 
T.  Metcalfe,  for  a  chronic  asthmatic  difficulty  of  many  years*  standing.  He  was  sub- 
mitted mostly  to  galvanization  of  the  great  sytiipathetic»  pneumogaslric,  and  phrenic 
nerves,  but  the  only  decided  relief  olitained  was  from  simple  faradization,  the  positive 
pole  being  placeil  at  the  back  of  the  neck,  and  the  negative  just  above  the  sternum* 
This  method  caused  a  most  pleasant  relief  from  discomfort  on  awakening  at'  night. 
No  permanent  benefit,  however,  was  afforded  by  the  treatment. 

Muscular  Contractions.— ^\\^^^  may  arise  in  hysteria,  in  myelitis, 
meningitis,  and  spondylitis,  diseases  of  the  cerebrum  and  cerebellum, 
or  they  may  be  of  a  reflex  character.  They  exist  sometimes  in  neuritis 
or  rheumatism. 

The  treatment  consists  in  peripheral  galvanization  or  faradization  o( 
the  affected  muscles  or  of  their  antagonists,  with  stable  currents  and 
galvanization  of  the  head,  spine,  and  sympathetic,  according  to  the 
special  indicarions. 

The  prognifsis  is  usually  unfavorable  for  all  except  the  rheumatic 
cases. 

Facial  Spasm. — This  affection,  which  is  not  imfrequent,  is  usually  very 
obstinate  against  all  treatment  The  treatment  is  galvanization  with 
the  spinal-cord-muscle  or  nerve-muscle  current.  Recent  cases  may  be 
cured  by  the  ajiplicatton  of  the  galvanic  current  to  the  branches  of  the 
fifth  pair.  Long  Stan  ding  cases  may  be  temporarily  relieved,  but  are 
rarely  permanently  cured.  Remak  reported  success  even  after  the  con- 
dition was  very  chronic. 

Dyspluigia  from  Spasms  of  the  Pharynx,  —-This  symptom,  though 
sometimes  the  result  of  organic  central  disease,  is  not  unfrequently  of 
a  purely  spasmodic  character,  and  as  such  is  amenable  to  electric  treat- 
ment, either  by  external  or  internal  applications.  The  method  we 
adopt  for  such  cases  is  to  place  one  pole  on  the  back  of  the  neck  and 
the  other  just  above  Ihe  sternum,  or  by  the  inner  border  of  the  sternch 
cleido-mastoid  muscle.  If  this  method  fails,  internal  applicatinns  may 
be  made,  by  means  of  a  catheter  shaped  electrode^  against  the  constric- 
tors of  the  pharynx.  Some  cases  yield  with  surprising  readiness  to  ex. 
32 
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temal  treatment.  Cases  dependent  on  central  disease  arc  usually  qnilt 
rebellious. 

A  case  of  this  kind,  in  which  the  food  was  returned  through  the 
mouth  or  nose,  was  cured  by  Hiffelsheim  by  galvanization. 

Heffelsheim  has  recorded  a  case  of  excessive  and  obstinate  vomiting 
that  was  cured  by  five  applications  of  the  galvanic  current  to  the 
pneiimogastnc. 

Dysphagia  from  sfasmodk  aOhn — Recovery  fr&m  localiud  faradkoHon^  i»tct  rt^ 

peaiid. 

Case  XCI — An  old  lady,  aged  nearly  70,  was  sent  to  us  by  Or.  Furdycc  Bar- 
ker. She  had  for  some  monllis  l>een  annoyed  by  much  difficulty  in  the  act  of  tiral- 
lowing,  and  wiis  ftpprchciislve  of  sufTocalion  on  siccotint  of  the  tendency  of  food  to 
lodge  m  the  oesophagus.  LocaUzetl  farad iiat ion »  repeated  twice,  completely  rclieveJ 
the  spasmodic  tendency,  and  enabled  the  patient  to  eat  without  fear  of  consequences 
So  far  as  we  are  aware  Ihe  relief  was  permanent. 

Singuitus  {Hiccoughy — ^This  symptom,  when  it  becomes  permanently 
annoying^  may  be  treated  by  gaivanizatwn  of  the  sympathetic  and pntu 
mogastrk.  We  have  treated  in  this  way  two  very  obstinate  cases  with 
out  benefit* 

Tdanus,—Ut.  Mendel  has  reported  two  cases  of  tetanus  successfiill) 
treated  by  the  galvanic  current  He  used  various  methods  of  applica 
tion,  central  and  peripheraL  Immediate  relief  followed  each  applica 
tion* 

The  conclusions  at  which  he  arrives  from  his  cases  are  that  a  mild 
current  should  be  applied  to  the  affected  muscles,  without  regard  to  the 
direction  of  the  current,  although  the  positive  pole  should  be  applied 
to  the  antagonists, 

Hydrophobia,  —The  disease  is  so  rare  in  its  occurrence,  and  so  T%\k\A  in 
its  course,  that  electrical  treatment  even  by  its  most  imperfect  methods, 
has  had  almost  no  chance  to  be  tested.  The  suggestions  that  wc  have 
to  offer  are  therefore  of  necessity  based  on  rheory  and  analogy,  and 
experience  in  the  treatment  of  other  and  more  or  less  allied  diseases. 

The  best  method  of  using  electricity  in  a  case  of  real  or  simulated 
hydrophobia  would  be  to  place  the  negative  pole  of  the  galvanic  curreni 
at  the  pit  of  the  stomach,  and  apply  the  positive  successively  at  the 
top  of  the  head,  the  nape  of  the  neck  {central  galvanisatim),  over  the 
region  of  the  pneumogastric,  and  down  the  spine.  If  the  galvanic  cur 
rent  cannot  be  obtained,  the  faradic  (electro-magnetic)  might  be  tried, 
although  il  would  probably  be  less  efficacious.  Mild  or  moderate  cur- 
rents would  be  likely  to  do  more  good  than  very  powerful  current^  ainl 
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there  should  be  intermissions  in  the  treatment.  During  these  inter- 
missions ice-bags  might  be  applied  to  the  spine.  We  should  not  expect 
that  this  treatment  would  cure  real  hydrophobia,  but,  if  faithfully  used^ 
it  would  greatly  relieve  the  horrible  agonies  of  the  disease,  and,  either 
alone  or  in  connection  with  other  treatment,  would  be  likely  to  prolong 
life.  Electricity  has  never  yet  had  a  fair  trial  in  hydrophobia.  Schi- 
vardi,  who  kept  one  of  his  patients  alive  several  days,  used  only  a  par- 
tial and  imperfect  method,  and  no  other  treatment,  so  far  as  is  known, 
has  been  so  successful. 

Hydrophobia  is  one  of  the  very  few  diseases  in  which  it  is  better  to 
use  electricity  blindly  and  imperfectly  than  not  to  use  it  at  alL  There 
are  two  considerations,  however,  that  are  somewhat  discouraging : 

1.  The  spasmodic  affections  that  most  closely  resemble  hydrophobia 
and  with  which  it  is  sometimes  confounded— epilepsy,  tetanus,  etc.^ — 
do  not  yield  readily  and  peroianently  to  electrical  treatment.  Great 
benefit  can  be  derived  from  a  proper  use  of  electricity  in  epilepsy,  but 
very  rarely  a  permanent  cure, 

2,  To  gel  the  best  results  of  electrical  treatment  time  is  necessary. 
Save  in  the  resuscitation  of  the  drowned  or  asphyxiated,  and  the  tem- 
porary relief  of  pain,  electricity  accomplishes  its  great  cures  slowly. 
Hydrophobia  runs  its  course  rapidly,  and>  in  its  incipience,  is  not 
usually  recognized.  The  only  hope  that  real  hydrophobia  could  be 
cured  by  electricity  rests  in  the  possibility  that  it  could  relieve  the 
symptoms  and  delay  death  through  its  powerful  sedative  influence,  so 
that  there  would  be  more  time  to  act  upon  the  nutrition  of  the  nerve- 
centres  either  by  a  continuance  of  the  electrical  treatment  or  by  other 
methods.  There  is  reason  for  the  belief  that  some  at  least  of  the  cases 
of  so-called  hydrophobia  are  of  an  hysterical  character — are  brought  on 
by  fright  and  dread.  The  only  safe  course  is  to  treat  such  cases  as 
though  they  were  genuine  cases  of  hydrophobia.  The  most  brilliant 
results  of  electrical  treatment  are  obtained  io  hysteria  and  allied  di- 
seases, and  notably  in  hysterical  convulsions,  and  it  is  quite  probable 
that  the  hysterical  symptoms  of  hydrophobia  would  yield  to  the  same 
remedy*  The  result  of  the  treatment  would  help  somewhat  the  diagno- 
sis. If  the  patient  entirely  recovered,  the  probability  that  the  case  was 
of  an  hysterial  nature  would  be  strengthened  almost  into  certainty. 
Inasmuch  as  one  or  two  of  tlie  recent  cases  were  probably  in  part  hys- 
terical, and  as  the  discussion  of  the  subject  has  caused  onr  sensitive  and 
highly  nervous  people  to  dwell  on  this  dreadful  topic  day  and  night,  it 
is  not  impassible  that  other  cases  of  a  like  nature  may  occur 

SfamMenn^.^-Dr,  Althaus  succeeded  in  curing  a  case  of  stammering 
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of  five  years*  standing,  in  a  lad  nine  years  of  age,  by  the  application  61 
the  galvanic  current  to  the  laryngeal  nerves.  The  applications  were 
made  twice  a  week  for  two  montlis. 

EptUpsy. — Epilepsy  is  one  of  the  diseases  for  which  electricity  in 
some  form  or  other  has  been  used  for  many  years,  though  with  rather 
uncertain  and  capricious  resuhs.  The  method  of  treatment  thit 
promises  most  in  this  disease  is  central  galvanization*  Another 
method  is  to  place  one  of  the  poles  over  the  point  whence  the  aun 
proceeds,  and  the  other  over  the  nerve-cenlre. 

Temporary  relief  can  be  obtained  in  very  many  cases  of  epilepsy  by 
electrical  treatment.  The  intervals  between  the  attacks  can  be  greatly 
lengthened,  and  in  a  certain  proportion  of  the  cases  the  results  are  be- 
Ueved  to  be  permanent. 

PHU  mai^ — Marked  temporary  relief  from  genera!  faradiMothn  and  gahwnmtiti 
of  sympaihetU — Relapse, 

Case  XCTL — In  one  case  of  **|>etit  inal,"  occurring  in  a  boy  some  ijyctniof 
age,  the  bromide,  given  tn  doses  of  logrs.  three  times  a  day,  acted  charmingly*  Th< 
paroxysms,  which  fur  nearly  two  years  had  occurred  from  six  to  ten  times  adayiirere 
immediately  reduced  to  one,  two,  and  three  in  the  twenty-four  hours. 

Thiii  improvement  was  manifest  for  nearly  a  month,  when,  notwithstandiiig  the 
Increased  doses  of  bromide,  the  paroxysms  gradually  increased  In  frequency,  trnltl  tbc 
patient  was  rendered  unconscious  by  them  as  often  as  before.  We  now  resorted  ta 
general  clectriiat ion  with  the  farad ic  current,  and  occasionally  to  galvanuAtioa  of 
the  sympathetic,  SiJigularly  enough^  the  re.vuJts  that  foUowed  were  substantially  tlie 
same  as  those  obtained  from  the  administration  of  the  bromide  of  potassium.  For  t 
few  weeks  the  fretjuency  of  the  epileptic  seizures  was  reduced  to  one  and  two  idi)^! 
when^  notw ithstandiiig  every  cfTbrt,  there  was  a  second  relapse  to  his  old  condition. 

The  boy  evidently  inherited  a  very  decided  nervous  diathesia,  but  the  cacitiag 
i;ause  of  the  attacks  was  ascribed  to  a  severe  fail  some  weeks  before  the  manLfettitUii 
of  the  first  paroxysm. 

Epilepsy  of  eleven  years'  standing^Periodktd  attacks — ImpreiXfement  in  sleep  §^ 
mental  eondition^  and  diminution  of  attacks  under  general  faradisa^on — Xotkifif 
further  gained  by  galvanization. 

Case  XCIIL— W.  H.  V,,  a  lad  aged  t6,  b(^an  first  to  suffer  from  epileptk 
seizures  when  but  Eve  years  old. 

For  the  hrst  ive  years  the  attacks,  condsttng  of  a  number  of  fits  in  rapid  sacoei^ 
Bon,  occurred  every  five  or  six  weeks*.  From  his  eighth  to  his  fifteenth  year  the 
paroxysms  increased  in  fret:|uency  and  severity,  until,  at  the  date  of  his  visit  Co  ^ 
the  attacks  recurred  every  week* 

It  was  a  noticeable  fact  that  for  the  last  year  the  patient  had  almost  bYsriiUf 
•uffered  from  these  epileptic  seizures  on  Saturday. 

The  boy  had  grown  sensibly  weaker  both  in  mind  and  body,  and  was  caotMlfd^ 
irritable  and  capricious. 


EPILVPSY— CASES. 


501 


Treatment  was  commenced  by  general  farad ixa lion,  with  special  reference  to  the 

i  mid  >pine. 

Under  I  hi*  treatment  sleep  l>ecaine  more  sfaund  and  refreshing,  and  the  mind  calmer, 

while  the  usual  paraxyiim  was  delayed  until  the  Thursiday  following  the  regular  lime 

^or  Us  recurrence.     The  general  condition  of  the  paijcnt  continued  to  improve,  and 

mm  second  attack  was  delayed  four  weeks.      He  rcu\aincd  under  observation  some 

months  longer,  having  a  paroxysm  (far  less  severe,  however,  than  foroicrly)  about 

every  four  weeks.    The  galvanic  current,  variously  used,  seemed  to  accompii^h  noth« 

ag  that  had  not  already  been  obtained  by  the  firadic.     The  case  soon  after  passed 

rom  our  care,  and  whether  relapses  have  occurred  we  have  not  been  able  to  ascer- 


Epihpiy  cffh*e years'  standing— Apparent  recovery . 

Case  XCIV.— Miss  W.,  aged  30,  came  to  us  November  4,  1876,  with  the  follow- 
ing history :  In  the  early  part  of  1S72  she  had  her  first  attsick  in  the  pight,  while 
a&leep,  but  for  a  year  previous  had  occasions  of  being  in  a  dozed  condition  with  great 
coofosion  of  memory. 

It  is  as  well  to  i^tate  that  there  had  been  all  along  in  her  case  a  strong  hysterical 
element  that  is  frequently  aggravated  by  surroundijig  influences. 

The  attacks  for  awhile  occurred  on,e  in  about  seven  weeks,  and  furihcr  o\\  in- 
stead of  a  single  paroxysm,  she  would  have  two  and  sometimes  three  in  ihe  succeed- 
ing twenty- four  hours.  Later  still,  the  attacks  became  as  frequent  as  once  a  months 
with  one  or  two  linger  intervals.  We  learned  that  Dr.  Geo.  J.  Fisher,  of  Sing 
Sing,  had  formerly  been  her  physician,  and,  in  answer  to  a  letter  of  inquiry^  he  in- 
formed us  that  the  patient  had  t>eeji  under  his  care  for  a  long  time. 

He  had  given  her  the  bromides  of  potassium  and  soda  (of  each  10  grs.)  three  times 
a  day.  This  she  had  taken  for  several  years,  aud  was  still  taking  when  she  came 
imder  our  care.  During  the  month  previous  she  had  three  attacks,  and  was  feeling 
certain  premonitions,  which  she  described,  when  we  submitted  her  to  the  additional 
treatment  of  the  electricity.   We  did  not  feel  justified  in  discontiuuing  medicine,  but 

lltt  order  to  give  her  every  chance,  substituted  for  it  the  formula  of  Brown  S^quard. 

I    The  patient  was  exceedingly  nervous  and  despondent,  and  it  was  evident  that  if  in 

Bio  other  way  electricity  might  prove  of  service  as  an  atljunct  to  allay  irritability  and 

Bs  a  general  tonic. 

■  We  treated  her  every  other  day  for  three  monthi,  akcmaling  central  galvanization 
with  general  faradization.  We  then  gave  her  an  interval  of  rest  for  three  months, 
during  which  time  she  had  an  attack,  occurring  a  little  more  than  six  months  from 
the  last.  After  a  second  three  months*  treatment,  we  allowed  another  interval  of 
rest,  and  again  treated  her  for  three  months.  She  has  not  had  a  second  attack,  and 
as  two  years  have  passed,  during  which  she  has  had  but  one  seizure,  we  are  hopeful 
of  ultimate  results.  It  is  worthy  of  note  that  since  the  two  methods  of  treatment 
have  been  combined  the  bromic  acne  haa  very  considerably  lessened  and  at  times  is 

kjiardly  perceptible; 
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Thkre  are  several  theoretical  considerations  that  wou.d  lead  us  tc 

suppose  that  electridty  might  be  of  service  in  the  treatment  of  disease! 
of  the  skin  : — ► 

Pain  and  itching,  often  tijiies  of  a  very  distressing  character,  accom- 
pany many  of  the  diseases  of  the  skin,  and  of  all  the  known  methods  of 
relieving  and  curing  pain,  electricity  is  one  of  tlie  most  satisfactory.  If 
the  apphcation  of  the  galvanic  or  faradic  conent  may  bring  rehef  in  head- 
ache, in  spinal  irritation,  in  the  various  fonus  of  neuralgia,  in  rheu- 
matism and  in  sprains,  why  should  it  not  aiford  similar  relief  tn  the  tor- 
menting agonies  of  psoriasis,  eczema,  and  prurigo  ? 

2.  Ulcers,  sinuses,  and  bed  sores  have  long  been  treated  by  the  gal- 
vanic and  faradic  currents,  with  gratifying  success  ;  and  it  would  be  nat- 
ural to  suppose  that  the  ulcerous  conditions  of  some  of  the  diseases  of 
the  skin  might  similarly  be  beneftted. 

3.  Tumors  and  morbid  growths  o(  various  kinds  are  discussed  by  the 
electric  currents,  and  esi>ecially  by  tlie  galvanic  current,  and  it  would  be 
reasonable  to  infer  that  cutaneous  indurations  and  h>^ertrophies  might 
be  discussed  or  diminished  in  a  similar  manner. 

4.  Those  who  hold  the  theory  that  some  of  the  diseases  of  the  skin 
are  of  a  nervous  origin,  or  are  in  some  way  intimately  dependent  on  the 
brain,  spinal  cord,  or  sympatfietic,  would  find  still  another  theoretical 
argument  in  favor  of  introducing  electricity  into  dermatologf,  nee 
nervous  diseases  have  long  been  regarded  as  far  exctllence  ihe  diseases 
most  amenable  to  electrical  treatment 

The  electro- therapeutics  of  diseases  of  the  skin  belongs  both  to  tmdi 
cat  and  surgical  electricity.  The  tendency  in  recent  times  has  beei. 
to  transfer  dermatology  from  surgery  to  medicine,  and  at  present  manjp 
of  our  most  eminent  dermatologists  are  physicians  more  than  surgeons. 
This  tendency  is  further  strengthened  by  the  modern  views  of  the  pathol- 
ogy of  cutaneous  disorders,  particularly  in  regard  to  their  relation  to  the 
nervous  system.     The  purely  local  treatment  of  diseases  of  the  skin  bj 


METHODS   OF  APPLICATIO 


503 


^tlcctricity  might  be  regarded  as  belonging  to  electro-surgery,  while  theii 
gefiieral  and  central  treatment  certainly  belongs  to  electro  medicine. 

Current  Employed, — Wliile  both  currents — the  faradic  and  galvanic 
— have  proved  useful  in  the  treatment  of  diseases  of  the  skin,  the 
galvanic  appears  to  act  more  efficiently  and  to  fulfil  a  larger  variety 
01  indications  than  the  faradic.  The  reason  of  this  will  be  suffi 
ciently  clear  to  those  who  understand  the  general  differential  indica- 
tions for  the  use  of  the  two  currents.  The  peculiar  electrolytic 
action  of  the  galvanic  current^  which  the  faradic  current  possesses  to 
but  a  feeble  degree,  is  indicated  in  diseases  of  the  skin  for  the  same 
reason  that  it  is  indicated  in  the  discussion  of  tumors.  For  the  rcUef 
of  the  symptoms  of  itching  and  pain,  the  faradic  current  is  frequently 
sufficient,  especially  in  prurigo :  its  effects  are  also  curative^  but  to  a 

ti  degree  than  the  galvanic  current.  The  galvanic  current  also  acts 
re  powerfully  on  the  central  nervous  system  (see  Chapter  IV.). 

Metlwds  of  Application. — Diseases  of  the  skin  may  be  treated  elec- 
trically in  two  ways — by  applications  to  the  diseased  surface,  and  by 
central  galvanization.  In  the  first  method  the  disease  is  affected  direct- 
ly ;  in  the  second  method  it  is  affected  indirectly  through  the  nervous 
system. 

AppHcatian  io  ike  Diseased  Syr/aee.-^Out  usual  method  of  galvanii- 
ing  the  affected  part  is  to  place  an  adjustable  electrode  of  from  two  to 
four  inches  in  dia[neter  over  the  point  where  the  principal  nerve  tliat 
supplies  the  part  is  most  superficial, — as  the  popliteal  space,  the  ante- 
lioT  crural  region,  the  border  of  the  fiexors  of  the  arm,  etc.,  while  ihe 
negative  is  applied  to  the  diseased  surface  by  any  convenient  electiode 
with  a  broad  surface.  This  is  the  method  that  we  usually  adopt  in  the 
treatment  of  ulcers.  We  are  not  able  to  say  how  much  advantage 
there  may  be  in  applying  one  of  the  electrodes  over  the  nerve.  We 
suspect  that  it  may  be  of  service  in  improving  the  nutrition  of  the  part 
that  it  supplies  ;  it  certainly  cannot  do  harm  in  that  position  unless  the 

ffeance  is  very  much  protracted.  One  electrode  may  be  placed  on  some 
idifferent  point,  as  the  feet,  or  the  hands,  or  on  the  thigh,  where  cur* 
tnts  are  borne  well  and  can  do  no  harm,  however  long  they  may  be 
r-pt  there.  The  electrode  is  sometimes  kept  firmly  planted  on  the 
skin  (stable),  and  sometimes  is  slowly  glided  from  one  part  to  another 
(labile).  When  the  part  h  much  abraded  only  mild  currents  will  be 
borne,  while  in  the  immediate  neighborhood  a  very  strong  current  may 
not  be  felt  at  all  It  therefore  becomes  necessary  to  modify  the  cur- 
rent continually  according  to  the  sensations  of  the  patient,  so  that  the 
itment  may  never  be  excessively  painful.     There  is  yet  no  evidence 
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thai  very  severe  applications  have  any  advantage  over  mild   applica^ 
lions.     The  pain  of  the  galvanic  current  increases  with   the  length  of 
time  that  the  electrode  is  kept  in  a  fixed  position  without  breaking  tbe 
current ;  for  this  reason  it  is  necessary,  when  strong  currents  are  used 
to  shift  the  position  of  the  electrode  every  minute  or  so,  or  as  often  ail 
the  patient  complains  of  severe  pain*     We  are  not  able  to  say  whether 
the  best  results  are  obtained  by  stable  or  by  labile  applications.    Yht 
electrolytic  action  of  the  galvanic  current  is  most  decided  when  lb^f«  | 
is  little  or  no  interruption  to  the  current.     When  the  faradic  current  if , 
used  we  generally  make  labile  ap|)lications.  ' 

Both  electrodes  may  be  applied  on  the  diseased  surface  The  ad- 
vantage of  this  niethod  is  that  it  economizes  time  and  labor  where 
there  are  numerous  and  large  patches  that  need  to  be  treated*  Al- 
though the  electrolytic  action  of  the  negative  pole  is  greater  than  that 
of  the  positive,  yet  both  act  electrolylically,  as  all  physicians  knoir, 
and  both  act  curatively  as  experience  shows. 

When  the  body  is  covered  pretty  generally  by  disease,  we  somctirocs 
put  an  electrode  on  each  Urab,  thus  allowing  the  current  to  run  throogli 
the  body. 

Local  Faradisation    Gemralized. — ^We   have  recently  applied  thii 
term  to  a  method  of  using  electricity  which  combines  the  advantages 
of  localized   and  general  faradization.     Although  we  first  used  it  in 
diseases  of  the  skin,  it  may  be  employed  to  meet  the  same  indicatioiift  ] 
as  general  faradization  ;  but  since  it  requires  absolute  or  approximatiire  | 
stripping  on  the  part  of  the  patient,  it  would  be  called  for  only  in  1 1 
finite d  class  of  aifections. 

In  this  method  the  operator  takes  hold  of  both  the  electiodei,  bf 
their  insulated  handles,  and  passes  them,  within  a  few  inches  of  eadi 
other,  over  all  the  diseased  surface  of  the  body.     The  electrodes  mi-y  j 
be  kept  stationary  over  spots  where  the  disease  is  especially  prooii- 
licnt.     The  method  may  be  modified  in  various  ways*     One  electrode 
maybe  kept  fixed  on  some  particularly  bad  spot,  while  the  other  is 
glided  up  and  down  the  surface  adjacent,  or  both  electrodes  raar  be  , 
kept  fixed  a  part  of  the  time.     An   advantage  of  this  tnethod»  wW  | 
may  be  employed  with  either  current,  is  that  it  economizes  time  ind 
labor,  a  very  important  consideration  in  cases  where  a  large  portion  of  a 
the  surface  of  the  body  is  diseased. 

This  method  is  especially  indicated  in  cases  where  Dearly  the  en- 
lire  surface  of  the  body  is  affected  by  disease,  as  in  geQend  prurigo  indj 
psoriasis.     Either  current  may  be  used  in  this  way. 

General  Faradization. — This  method  of  using  electricity  b  i 
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not  indicated  in  diseases  of  the  skin,  and  for  the  reasons  already  given. 
For  those  cases  that  are  associated  with  general  debihty  as  a  result  01 
cause  of  the  disease  of  the  skin,  it  may  be  employed  with  advantage, 
one  pole  may  be  applied  at  the  coccyx  by  an  adjustable  electrode,  or 
ai  the  feet  by  a  copper  or  tin  plate,  while  the  other  is  passed  over  the 
surface  of  the  body. 

EUctric  Brush, — When  the  skin  is  not  itching  or  anaesthetic  the 
electric  brush  is  very  painful,  and  is  therefore  to  be  recommended 
chiefly  for  cases  where  there  is  very  great  irritation,  or  itching  and 
anaesthesia.  We  have  frequently  found  it  more  efficacious  than  the 
ordinary  sponge  electrode.  In  some  conditions  of  eczema  an  applica- 
tion, which  in  health  would  be  unendurable,  is  positively  agreeable* 
The  distinctively  surgical  methods  of  treating  certain  diseases  of  the 
skin  by  electrolysis  and  galvano -cautery  will  be  described  in  Electro^ 
Surgery. 

Central  Galvanization* — This  important  method  of  using  electricity 
wc  have  recently  proved  to  be  of  great  service  in  the  treatment  of 
certain  diseases  of  the  skin,  especially  of  chronic  eczema  and  prurigo. 
Under  this  method  of  treatment  ahne^  without  making  any  application 

•     whatever  to  (he  diseased  surface,   the  itching  and    burning  of  these 
diseases  arc  rdieved  sometimes  immediately,  and  under  a  protracted 
treatment  permanent  cures  are  obtained.     The  results  obtained  by  this 
method  are  of  the  highest  possible  interest  in  a  pathological  point  of 
view,  as  showing  a  kind  of  dependence  of  chronic  eczema  on  the  nervous 
system  that  had  not  before  been  suspected. 
^      I}iseasis  of  the  Skin  for  which  Electrical  Treatment  is  Indicated, 
^P — Under  this  head  we  sum  up  the  results  of  electrical  experience  up  to 
'      the  date  of  pubhcation. 

Eczema. — ^This  disease  we  place  at  the  head  of  the  list,  for  the  rea- 
son that  we  have  found  more  rapid,  brilliant,  and  uniform  results  from 
electrical  treatment  in  this  than  in  any  other  disease  of  the  skin.     We 
have  treated  the  .chronic  forms  in  different  parts  of  the  body,  and  in 
nearly  all  cases  thus  far  with  immediate  relief  of  the  distressing  pain, 
and  ultimate  cure  after  a  course  of  treatment.     We  have  used  for  this 
affection,  almost  exclusively,  the  gcUvanic  current,   either  locally  or 
centrally.     Patients  have  come  into  the  Dispensary  declaring  that  the 
l^distress  is  so  great  that  they  would  be  glad  to  have  the  suffering  part 
^Kamputated,  and  after  an  application  of  from  five  to  fifteen  minutes  have 
^■gone  out  entirely  relieved.     This  relief  lasts  for  several  hours,  some- 
1^1  ir lies  for  days,  and  the  pain  grows  less  and  less  until  the  cure  is  accon^ 
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It  b  in  this  disease  especially  that  central  galvanization  alone,  witbonl 
making  any  application  whatever  to  the  diseased  part,  has  accomplisfaed 
«Jich  striking  results. 

The  following  case  illustrates  the  power  of  central  galvaniiafiop  in  i 

most  striking  manner  i — 


SiV€ri  andobHifuUt  ekramk  iotma  of  Itg^  agkiyear^  tt^nding-^inUiirMt  iUMitf 
^-Failure  of  vwrioui  remtdus — Rapid  nUef  amd  perman€ni  curt  umdtr  fmtn. 

Case  XCV.— Mrs*  S,  M.,  an  Irish  servant -girl,  aged  51 »  was  admicted  Ui  Xh 
Long  Island  College  Hospital,  February  14,  1 872,  with  chronic  eczema  of  tbe  left  1^ 
about  the  ankle,  and  extending  one- third  of  t)ie  distance  to  the  knee.  The  ttdliitif 
aod  pain  were  intolerable,  and  there  was  much  soreness.  The  ^laiiejit  was  in  otiff 
respects  strong  and  well,  but  had  suffered  born  this  affection  by  Intervals  for  c^ 
fears.  Four  years  before  she  bad  been  under  treattDetit  at  the  City  Hospital,  tad 
Lad  been  discharged  apparently  cured,  but  relapsed. 

The  case  was  treated  by  iodoform^  arsenic,  bicarbonate  of  soda,  rhitbarbv  carbpiiit 
of  anc,  glycerine,  cod -liver  oil,  iodide  of  potas&ium,  dulcamara,  acetate  of  lad, 
wine  of  cokhicum,  and  acetate  of  potash.  These  remcdie!»  were  variously  mtA  ■ 
various  mod ilicat tons,  externally  and  internally.  From  some  of  these  agents  tk 
patient  derived  temporary  relief  of  the  itching  and  soreness  ;  but  the  average  tftd 
ultimate  effect  was,  that  on  April  i&t  the  following  record  of  the  case  was  made  a 
the  hospital  book :  '*  Very  painful,  red  and  angry,  rapidly  extending,  and  now  cover- 
Ing  nearly  the  whole  l^  below  the  knee,  and  most  of  the  dorsal  aspect  of  the  foot" 

Arsenic  and  tine  lure  of  cinchon.  comp.  were  now  ordered,  but  April  t5tli,  the 
record  was :  '*  Very  much  the  same.*'  At  this  time,  Dt.  Davis  suggesiiad  it/foHmi 
/oradiu^ihit.  This  suggestion  was  acted  on  with  gratifying  result ;  the  inleme  ^ 
tress  was  at  once  in  a  measure  relieved. 

Apiil  16th,  the  patient  was  more  comfortable  than  for  a  long  time  picvioiBL 

April  23d,  very  much  improved  and  comparatively  comfortable. 

At  this  time  Prof  A.  B,  Crosby,  the  surgeon  in  charge  of  the  ward,  r^oetfd  • 
tc»see  the  patient,  stating  that  she  had  been  very  obstinate  under  die  various  reraediii 
that  he  had  tried.  The  patient  was  suffering  greatly  from  the  severe  itdunc  awl 
liurning,  and  the  ioreness  was  &o  great  that  only  with  difficulty  could  the  hobbk 
fbout  the  ward.  The  ap|.iear*ince  of  the  diseased  part  was  red  and  angry^  and  lodie 
I  ortious  were  more  or  less  covered  by  scales. 

We  decided  to  try  on  the  patient  the  effect  of  tinirai  galvamtaii^fi^  m^mg  ^ 
upplkaHon  whatever  to  the  diseased  part.  We  were  induced  to  make  this  tiiil  ai 
the  strength  of  successes  la  other  and  milder  cases  of  cutaneous  diseases.  Our  ^M. 
hope  wa%  perhaps,  to  relieve  the  itching  and  pain;  a  permanent  cure  we  had  00 
reason  to  anticipate.  As  the  patient  was  a  good  and  willing  subject  00  whidi  lo 
dcmonstrale  electrical  applicaiions^  she  was  taken  before  the  class  of  the  Long  Iilifld 
College  Hospital,  and  treated  by  central  galvanitationi  the  statement  beiof  madi^ 
that  we  did  not  hope  thereby  to  cure,  but  dmply  to  lUiiatrate  the  method  of  t0n| 
tiectridty. 

The  details  of  the  applications  were  entrusted  entirely  to  Dr.  Edwm  E.  Smitk^ 
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hoiu*-«argeoTv  who  carrkd  oat  the  treatment  with  great  tatthfulnesiy  and  to  ivhon* 
we  »re  indebted  for  the  full  history  of  the  case  as  here  presented. 

The  relief  of  the  itching  and  pain  was  very  rapid,  although  on  the  25th  Dr,  Smitt 
m.nde  the  following  record:  *' A  little  more  irritable.*'  This  result  was  probably 
due  to  OTCT' treat  men  t»  too  strong  currents,  or  too  prolonged  applications* 

</f/r'/  30^^— Patient  •*  much  belter,*^ 

May  loiA^ — "  Still  steadily  improving-"  The  appearance  of  the  leg  was  now  muci 
changed  for  the  better.     The  most  obstinate  portion  was  the  region  about  the  ankle, 

The  applications  were  now  made  four  and  five  tunes  a  week  with  a  12-cell  linc- 
cartx>n  battery  of  Kidder  for  about  ten  minutes  at  a  st'ante. 

May  2$tA.^A  lotion  of  acetate  of  lead  wash  was  ordered  by  Dr,  Crosby,  to  con- 
tract the  enlarged  capillaries, 

yum  5/4  — ••  Patient  is  walking  about  out -doors  with  comparative  ease,  and  is 
nearly  well," 

We  igain  presented  ihe  case  before  the  class  of  the  College,  demonstrated  on  her 
our  method  of  central  galvanization,  and  pointed  out  tlie  extraordinary  and  unlooked* 
for  improvement.  The  skin  of  the  whole  leg,  except  around  the  ankle,  was  wellf  and 
the  patient  for  a  long  lime  had  been  entirely  free  from  itching  and  pain» 

yun^  15/^ — The  patient  was  **  discharged  cured.** 
^m      yan.  tj/A,  187J.— Dr.  Smith  informs  us  that  there  has  been  **  no  recurrence  of 
^Bthe  difficulty/'     Several  months  after  the  patient  left  the  hospital  we  heard  that  she 
WIS  sliU  welL 

The  above  case,  taking  all  the  facts  into  consideration,  its  long 
standing*  its  inveteracy  under  nianifold  treatment,  and  the  immediate 
and  rapid  relief  and  cure  under  central  galvanization,  is  certainly  most 
extraordinary,  and  it  will  not  subtract  from  the  instructiveness  and 
brilliancy  of  the  result,  if  in  future  years  a  fresh  attack  of  the  disease 
should  occur.  Although  the  case  was  not,  so  far  as  we  know,  studied 
by  any  recognized  specialist  in  dermatolog>',  yet  among  the  very  many 
surgeons  and  physicians  who  watched  its  progress  before  and  during 
ihe  electrical  treatment^  there  was,  we  believe,  no  difference  of  opinion 
in  regard  to  the  diagnosis,  and  there  was  no  question  that  Uie  cure  was 
wrought  entirely  by  central  galvanization^  acting  upon  the  central 
nervous  system,  and  thus  improving  the  peripheral  nutrition.  This 
vejy  remarkable  experience,  which  to  some  has  seemed  incredible,  we 
have  recently  confirmed  in  a  similar  case  of  chronic  eczema  of  the 
legs  of  sixteen  months*  standing.  The  relief  of  the  itching  by  cen* 
tral  galvanization  alone  was  immediate,  and  after  a  few  application 
the  disease  began  to  improve  In  appearance,  and  in  six  weeks  there 
was  approximate  recovery.  At  the  date  of  writing  the  patient  is 
eotirely  well.  When  the  patient  was  about  half  cured  he  was  seen  by 
Pr,  L.  D.  Bulkley.  Dr«  Kinsman,  of  Columbus,  Ohio,  writes  to  us  thai 
he  has  successfully  treated,  by  central  galvanization,  a  severe  case  of 
impetigiaous  eczema  of  twenty  years*  standing. 
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Vkrafik  t€9efna  9/ the  legs  and  feei,  one  year's  sfanding-^Relief  of  p^in  ami  ikkk^ 
under  iocafised faraditatian  and galvrnthatUm^ 

Casr  XCVI.  —  MicliacI  P.,  aged  64,  had  suffered  for  twelve  months  from  cbrtiDX 
eczema  of  t  lie  legs  ant  I  feet,  acct>nipiinied  wi'rh  ternhic  itching  and  burning  seasalioov 
The  affected  parts  were  but  little  sensitive  to  the  electric  ctirrent,  either  gmlviiucoi 
faradic  Locah'zed  galvanization  and  faradization  were  employed,  sind  &omeoflk 
lime  the  electric  brush  with  a  strong  current  was  not  only  well  borne,  but  was  mont 
grateful  to  the  patient.  The  applications  were  made  from  five  to  twenty  miiiBtti 
In  (UI  cases  there  ttfos  relief  of  the  distressing  pain,  S}inptom$  of  relief  began  to 
appear  soon  after  the  beginning  of  the  /  ance^  and  at  the  close  was  sometimes  iW 
lute.     Tliis  relief  lasted  at  fir^t  from  two  to  twelve  hours. 

The  patient  continued  treatment  for  three  weeks — in  all  six  applications  were  iMilft 
The  intervals  of  relief  were  sensibly  lengthened,  and  the  patient  abandoned  treikt- 
ment.  With  the  relief  in  the  itching  and  pain  there  was  corr^ponding  relief  ia  tbt 
appearance  of  the  diseased  parts.  We  have  no  reason  to  believe  that  the  patioA 
was  permanently  cured. 

Ecxema  of  the  scalps  t^f  three  months  duration  in  a  gentleman  sf^eniy'Jhe  ytwi  $f 
age — Recovery  in  ttva  months  under  local  galvanization  and  general  faradtMt^em^ 

Case  XCVH. — Mr.  L  ,  tge<!  75,  was  afflicted  with  eczema  of  the  scalp,  Thccnij* 
lions  extcnde^l  over  the  entire  port  ion  of  thehead  covered  by  I  he  hair,  and  had  perdstfct, 
in  spile  of  many  external  applications,  for  nearly  three  months.  The  diseased  part  W 
covered  with  thick  scal>5  which  tended  to  coalesce  and  cover  as  by  one  huge  mtsil!ic 
entire  surface.  The  scalp  was  quite  irritable,  and  at  night  especially  the  paiteol  »» 
annoyed  by  an  irresistible  desire  to  scratch.  The  bowels  were  decidedly  consti^tttH 
d,nd  the  general  health,  although  usually  good,  was  at  this  time  considerably  Ijclowptt; 
The  patient  submitted  to  treatment  by  both  localized  galvanization  and  geoeml  fiui- 
dization.  The  first  application  of  the  former  method  resulted  in  a.  decided  reUef  to 
the  constant  itching. 

After  two  wceks^  trial  of  both  methods^  some  of  the  scabs  began  to  dry  up  and  pet) 
off,  constipation  was  very  mucli  relieved,  and  the  general  health  had  impfofcd  fi 
marked  degree. 

This  improvement  slowly  went  on,  until  in  two  months  fix>m  the  begimuos  of 
treatment  the  scalp  was  quite  free  from  disease. 

Prurigo. — If  electricity  could  do  nothing  more  than  relieve  the  itch* 
ing  of  prurigo,  it  would  be  entitled  to  an  honorable  place  in  the  inn*' 
mentarium  of  the  dtfrniaiologist.  Dry  faradization  alone  may  bnng  re- 
lief in  a  very  few  minutes,  and,  when  perseveringly  used,  may  cure. 
We  have  seen  immediate  relief  follow  general  faradization  used  in  the 
ordinary  method  with  wet  sponges.  In  this  disease  also  centra*  p^ 
vanization  alone  has  in  our  hands  been  very  effective. 

General  prurigp^  six  year/  standing — Intense  itching — Approximate  atrt  4fi9 
ffteen  s  ances  of  central  galvanisation. 
Case    XCVHL— W.  R.,  9  years  of  age,  came  into  the  Eleclro-Therapeottcil  D^' 
tiartntcnt  of  Demilt  Dispensary,  April  11,  1873.     At  the  age  of  three  the  p«tieiti  ^ 
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*carletr  fever;  tliU  \ftLA  followed  by  general  prurigo  that  had  never  been  relieved. 
The  disease  covered  the  back,  abdomen,  and  legB.  The  itching  was  most  severe. 
Sleep  at  night  had  for  years  been  interrupted  by  this  distress  and  marks  of  scratch- 
ing were  everywhere  seen.  The  diisease  was  at  its  worst  on  the  back. 
I  Acting  on  the  theory  that  the  disease  was  of  a  nervous  character.  Dr.  Woodnifl 
irrfcrred  the  case  to  the  EJcctrO'Therapeutical  Departmenti  when  treatmcrst  by  cen- 
tral galvanization  was  begun  and  continued  for  two  months.  Towards  the  close  of 
the  treatment,  June  i,  little  remains  of  the  eruption  were  seen  excepting  on  thf 
back,  and  there  was  very  little  itching. 

yum  15, — The  patient  abandonetl  treatment;  the  recovery  appeared  to  be  satis- 
^factory.     We  have  no  further  mteUigence  of  the  case 

Dr.  Sterling  gives  lis  the  following  case,  the  diagnosis  of  which  was 
'  not  fully  dear  to  him  ;— 

Gtfurai  trvptwn  with  hurning  itnsatiou  of  hng  standing — Somt  imprmfimtni 
L  under  Iffcaiiud  galvanitatioHy  and  gaivamtati&n  of  t^u  <trvkal  sympatkttic-^ 
f      Much  greater  improtfement  under  central  gahHtnisation, 

Case  XCIX, — Mr,  G.,  at  the  age  of  twelve,  was  attacked  with  an  eruption  all 
over  the  body,  after  seabathing.  Treatment  cured  the  eruption,  but  a  burning, 
smarting  sensation  was  left  in  the  face,  that  always  was  increased  on  any  excitement. 
Drinking  a  cup  of  tea  or  coffee,  or  entering  a  heated  room,  would  bring  on  burning 
and  smarting  in  the  face,   with  very  decided  puffin  ess.     Arsenic  and  various  other 

remedies  had  been  used  faithfully. 
May  I,  1S71.— Treatmeot  by  galvanization  of  the  svmpnlhetic  and  localiicd  gal- 
vanization was  beguo,  and  the  result  was  satisfactory  ;  but  relapse  occurred,  ami 
iome  months  subsequently  he  was  treated  by  central  galv&nization  alone,  with  very 
great  improvement.  He  still  suffers  from  slight  relapses  that  are  always  benefited  by 
electrical  treatment. 

r  Lichen. — We  have  had  no  opportunity  to  treat  a  marked  case  of 
lichen  ;  but  there  is  every  probability  that  electricity  would  accom[dish 
as  much  in  this  affection  as  in  the  other  symptoms  of  the  so  called 
d.irtrous  diathesis. 

Anasihesia. — For  the  curable  cases  of  cutaneous  anaesthesia,  faradi- 
zation is  a  specific,  if  any  remedy  can  be  said  to  be  a  specific  for  any- 
thing. Even  cases  that  depend  on  incurable  central  lesion  may  im* 
prove  very  decidedly  under  treatment.  In  cases  of  paralysis  of  motion 
and  sensation,  the  sensation  may  be  partially  or  completely  restored 
under  electrical  treatment,  even  when  the  loss  of  motion  remains  un- 
changed. 

Anaesthesia  is  a  condition  for  which  the  electric  brush  is  pardculfiily 
indicated  (see  chapter  on  Anresthcsia)* 

Acne. —  If  we  were  to  judge  from  our  own  limited  experience  in  the 
treatment  of  acne,  we  could  not  speak  very  encouragingly, 

assistant,  Dr,  J.  H.  Sterlings  informs  11s  that  one  year  ago  a  case 
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of  hereditary  acne  indurata  of  the  face  and  back,  under  his  care,  wu 

treated  by  eighteen  applications  of  central  galvanfzation,  wilhottl  tnj 
other  trealment,  and  the  disease  disappeared.  The  constipatiOEi  tai 
headache,  which  had  been  verj'  distressing,  were  also  relieved*  Up  tB 
date  (July,  1873)  the  patient  was  well. 

Acft^  Rosacea, — Whether  acne  rosacea  is  difierent,  patbologicanjr, 
from  ordinary  acne  or  not,  it  certainly  yields  better  to  electrical  trea^ 
ment.  On  the  theory  that  the  disease  may  depend  in  some  way  oo 
the  digestive  organs,  central  galvanization  may  be  tried  in  connection 
with  local  treatment. 

Atne  rosacea  cf  long  standi nj^-^Immediate  imprmmnent  under  (oeatited  gafMnim 

thn  ivith  sponges  and  metallic  eltttrodes* 

Case  C— A  medical  gentleman,  aged  about  sixty,  in  April,  1872^  reqoeird  w 
to  treat  him  for  acne  rosacea  that  had  for  some  time  caused  him  annoyaiice.  Tbt 
blood'vessela  were  considerably  enlarged  on  both  sides  of  the  nose,  the  color  wist 
decided  red,  and  tberc  was  the  usual  thicken ing.  The  heaUh  of  the  patient  im  in 
other  respects  pretty  good,  excepting  attacks  of  indigestion  with  acidity* 

We  began  treatment  with  localized  galvaniial ion— with  wet  cloths  and  fpong^ 
sometimes  UFing  a  metal  electrode,  with  a  sharp  edge.  When  the  metal  electrode— 
connected  with  the  negative  pole — ^was  used,  the  dilated  capillaries  were  electTQlpd 
under  the  negative  pole^  and  gases  escaped  with  a  sound  that  could  be  easily  beanl 
There  was  a  tendency  to  reappearance  of  the  dilated  vessdsi  but  after  a  few  w«b' 
treatment  they  were  entirely  destroyed,  leaving  no  scar  or  trace,  and  the  color  of  the 
nose  on  both  sides  had  disappeared.  There  appeared  to  be  also  a  diminution  of  tl» 
hypertrophied  tissues. 

There  has  been,  since  that  time,  some  return  of  the  aifection,  but  he  is  irery  madi 
better  than  formerly.  The  habits  of  the  patient  were  never  iatemperale^  but  tie  \ai 
olwa^'S  been  acciistomed  to  use  more  or  less  alcoholic  liquors. 

We  have  since  treated  another  case  of  acne  rosacea  by  the  same 
method,  and  with  results  which,  for  the  time,  are  most  satisfactory. 
This  case  has  been  attended  with  itching  that  has  been  relieved,  awl 
the  appearance  of  the  nose  has  very  rapidly  improved 

Psariasisy,  and  Pityriasis^  in  their  relation  to  electro-theTapeutioi 
may  be  divided  into  three  classes  :  (i)  Those  cases  that  arc  benefited 
up  to  a  certain  point.  (2)  Those  cases  that  receive  but  little,  if  anyt 
benefit  Judging  from  our  own  observations,  we  should  say  that  the 
latter  class  (those  who  do  not  yield  at  all)  are  in  the  minority*  Some 
J  cases  progress  very  slowly,  and  need  months  of  treatment  The  negative 
pole  of  the  galvanic  current  seems  to  be  more  efficacious  in  this  di> 
ease  than  any  other  method.  For  the  sake  of  economising  time,  how- 
ever, we  frequently  use  both  poles,  with  broad  electrodes. 

The  results  have  not  l>een  very  satisfactory.     Even  when  dcd<W 
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improvement  takes  place  under  long  treatment^  relapses  msy  occur, 
and  rhe  cure  has  never  in  our  hands  been  complete. 

Hirpts^-^Herpes  ZosUr— Herpes  Fronialii  seu  OphthalmutiS. — 
Herpes,  if  not  the  most  persistent,  is,  i^ithout  doubt,  attended  by  the 
most  excruciating  pam  of  the  various  neuroses  of  the  skin.     Whether 

r  its  seat  be  the  head,  the  trunk,  or  the  extremities,  the  associated  pangi 

rare  sometimes  almost  beyond  human  endurance. 

Herpes  is  now  generally  regarded  as  subordinate  to  the  existence  of 
a  neuralgic  or  rheumatic  diathesis,  and  as  originating  in  any  cause 
which  weakens  the  vigor  of  a  nerve-trunk  or  its  cutaneous  branches : 
hence  it  would  not  be  unreasonable  to  suppose  that  electricity  in  some 
one  of  its  forms  might  prove  of  service. 

The  teachings  of  experience  clearly  attest  its  value  in  this  complaint 
The  disease,  it  is  true,  runs  an  acute  course,  and,  as  a  rule,  recovery 
more  or  less  complete  follows  in  the  course  of  a  few  weeks,  but  it  is 
none  the  less  incumbent  to  relieve,  so  far  as  possible,  the  acute  sufiFer- 
ings  that  attend  it. 

The  first  two  cases  which  we  briefly  record  occurred  in  that  part  of 
the  body — viz.,  the  trunk — which  is  said  to  be  the  most  frequent  seat 
of  the  disease.  The  succeeding  three  of  Herpes  frontalis  seu  ophthal- 
mUus  are  of  somewhat  greater  interest,  because  of  the  comparative  in- 
frequency  with  which  such  cases  are  met,  and  of  their  great  importance 
to  ophthalmologists. 


^^L  Herpes  ihoraeieath—Treaiment  by  ihe  faradie  currenL 

^"  Case  CL— Jane  A,,  a  dispensary  patient,  aged  seven  years  six  months,  bad  suf- 
fered far  several  weeks  from  febrile  symptoms  and  anorexiai,  and  finaily  an  herpetic 
eruption  appeared  on  the  chest  and  right  side.  The  eruption  increased  and  rapidly 
extende<I,  until  the  thorax  was  neaily  encircled-  The  fwiii  frum  vvliich  the  chiKt  fuflcred 
waivcry  severe,  and  for  forty-eight  hours  it  haid  been  continuous.  We  employed  fara- 
dization ^ntiililly),  and  were  rewarded  by  an  immediate  relief  of  the  neuralgic  painss. 

Four  similar  applications  were  sul>sequentJy  given, — one  on  each  alternate  day; 
but  there  was  no  return  of  pain,  and  within  ten  days  the  erupt ion«  whicli  resembled 
pborted  vesicle%  had  quite  disappeared. 

II  Herpes  tatrmlis —  Treatmeni  by  the  f&radie  emrreni. 

Case  CI  I. — Wc  were  called,  December  3^  1873,  to  see  a  gentleman,  aged  34^ 
mho  was  niifering  from  an  herpetic  eruption  over  the  region  of  the  sacrum.  The 
fedcles  extended  from  the  hip  to  the  sciatic  notch  on  the  right  side,  and  covered  a 
narrow  tract  along  the  outer  portion  of  the  thigh,  with  clusters  here  and  there  to  the 
C3ct€Ri«l  malkolus.  The  accompanying  neuralgic  pain  was  quite  as  severe  as  in  the 
precediiig  case«  and  simulated  actual  sciatica.  We  placed  the  foot  of  the  patient  on 
t  cappQ  ptAte,  to  which  the  negative  fxtle  was  attached,  and  with  a  mild  faradie  cur* 
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rent  brought  the  whole  hip  and  limb  under  lite  electrical  Influence.     The  ediect  < 
most  ^atcfulf  and  the  relief  afforded  imraeJiste. 

The  same  method  was  repeated  a  number  of  times,  and  although  the  patient  ^ 
sionaUy  experienced  twinges  of  pain,  they  were  of  little  severity,  and  within  a  w*-   — ^ 
ceased  to  annoy  htm. 

Of  Herpes  frontalis  sen  ophthalmicus  we  have  treated  six  cas^s 
electricity^  and  always  with  the  result  of  relieving  the  pain,  and  in  th«-  ^aarec 
cases  the  course  of  the  disease  even  was  apparently  modified. 

Herpci  frontaUs^Trtatment  hy  the  gahank  turrent. 

Case  CIH*— a  lady,  aged  about  60,  and  §cnt  to  us  by  Dr.  C  R.  A^ew,  had 

fercd  long  and  severely  frojti  herpes  of  the  forehead  and  face.     Acute  and  persis etj 

neuralgia  supervened,  resisting  all  attempts  at  permanent  alleviation.  The  galv^ 
ctirrent  w^-s  locally  and  centrally  applied,  and  resulted,  in  a  few  sifancess  in  relie  "^flfl 
in  a  good  measure  ihe  neuraljjic  pains,  JPlo&is  of  the  right  eyelid  remained,  1  ":»*>». 
ever,  in  spite  of  the  treatment  by  galvanization.  Three  local  applications  ol^  iht 
farodic  current  approximately  restored  the  lost  muscular  power. 


Herpts  frentalis- 


tk 


"Allfviatian  of  pain  by  iht  galvanic  cumni^  after  failnre  i^j 
faradU  eurrtnt. 

Case  CIV.-^Mrs.  L.^  aged  39^  consultetl  us  on  June  10,  1874,  and  gave  the  fo¥  low* 
ing  hbtory  of  her  case.  Two  weeks  prior  her  attention  was  called  to  a  j^mall  vc^sica* 
lar  eruption  on  the  left  forehead,  directly  over  the  course  of  the  supra-orbital  n^rvt 
Similar  eruptions  quickly  followed,  thickly  studding  the  side  of  the  head  and  #^*e, 
and  accompanied  with  much  pain.  A  homoeopathic  physician  had  had  llie  t%^*^^  "» 
charge,  and  had  succeeded  in  temporarily  relieving  the  neuralgia  only  by  the^  «*!' 
ministration  of  morphine.  When  the  patient  fell  under  our  obscnmtion  she  wa^  «»*'• 
fering  more  than  at  any  previous  time,  and,  rather  iKcause  of  convenience  il>«»* 
choice^  we  gently  applied  the  faradic  current  to  the  affected  and  surround  it  ig  pw^r' 
It  did  not  cause,  either  diirmg  the  application  or  sub'^uently,  any  spetial  mwli6cJif 
of  the  distress.  On  the  following  day  we  resortetl,  as  we  should  have  done  al  fti 
to  the  galvanic  current,  making  the  applications  locally,  centrally,  and  in  less  than  V~ 
minutes  the  intense  agony  of  the  patient  wa%  almost  completely  relievetl.  She 
a  very  quiet  night,  but  in  the  morning  complained  of  some  distress  over  tad 
the  right  eye  and  temple*  She  was  immediately  relieved  by  a  second  applicatim 
after  which  she  was  subjected  to  treatment  several  timesi  although  she  suiJtfi 
but  little,  if  any,  and  rapidly  progressed  towards  recovery. 

Herpes  frontaiii—Tvtiitmeni  hy  the  gahmnU  eurrent — Immediate  rglief  ef  ptin-^ 

The  course  if  disease  apptrently  mthltfed. 

Case  C  V. — A  third  case  of  roster  fruntalis,  m  llic  person  of  a  female,  «gcd  ftbcnt^ 
55.  fell  under  our  observation  on  the  2d  of  June,  1874.   The  lady,  who  was  apati 
of  Dr.  Oliver  White,  first  observed  a  slight  eruption  over  the  right  eye.     This  1 
iilly  ^prcatl  over  the  whole  side  of  the  forehead,  and  the  angle  of  the  mouth  waa 
involved.     The  a^isoci^ited  neuralgia  was  of  the  most  excruciating  and  tniolerab 
character.   Dr.  L.  D.  Bulkley  was  called  in  consultation,  and  advised  the  galvanic  cu 
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rent,  »  fevr  applications  of  which  rapidly  and  effectually  relieved  the  patient  of  ail 
pain^  and  greatly  hastened  recovery  after  failure  of  various  local  nppUcations.  The 
treatment  was  continued  for  sotnc  time  subsequently,  in  order  to  make  the  scarring 
03  slight  as  possible. 

It  will  be  observed  that  of  the  above  cases  the  first  two,  in  which 
the  eruption  was  confined  to  the  body,  were  relieved  by  the  faradic 
CtijTent ;  and  that  the  three  following  (herpes  frontalis)  yielded  to  the 
galvanic  current. 

From  these  and  other  cases  the  following  conclusions  seem  to  us 
legitimate  : — 

1.  That  the  pain  of  herpes,  no  matter  where  the  seat  of  the  erupUon 
may  be,  is  generally  susceptible  of  speedy  and  elTectiial  relief  by  ihe 
use  of  the  galvanic  or  faradic  current, 

2.  That  when  the  entptions  take  place  on  the  head — herpes  fronhiin 
— the  gal\'anic  current  has  greater  power  to  relieve  the  pain  than  the 
faradic* 

3.  The  electric  treattnent,  besides  relieving  the  pain  of  herpes, 
ficems  to  shorten  somewhat  the  acute  stage,  to  break  the  force  of  the 
[disease,  and  to  modify  the  scarring. 

mgworm, — Connnon  ringworm  may  yield  to  the  galvanic  current. 

eirtinatus  (rtngrvorm)  of  nwre  than  hoa  years*  standing — Recovery  foHowf 
one  application  of  the  gatvanie  current. 

Case  CVL — A  lady  patient,  aged  30,  called  our  attention,  casually,  to  a  common 
ringworm,  circular  in  shape,  an  inch  and  a  half  in  diameter,  and  situated  at  about 
the  junction  of  the  shoulder  and  neck.  The  disease  ma<Je  its  appearance  more  than 
two  years  prior  in  the  shape  of  a  slightly  elevated  spot  w^hich  gradually  enlarged  to 
the  afiove-named  size.  The  part  hail  t>e^un  to  heal  in  the  centre  several  times^  and 
AS  often  the  process  of  rcp.Tir  would  he  almoi^t  complete,  when  the  disease  would  take 
a  suildcn  start  and  become  as  markcfl  as  ever.  Finally,  however,  the  centre  of  the 
lion  permanently  disappeared  and  left  a  circular  spot  of  clear  skin,  surrounded 

a  wide  erythematoos  ring.  This  condition  had  remained  stationary  for  more  than 
a  year.  We  applied  to  the  diseased  part  a  metallic  disk  sufficiently  large  to  cover  it 
completely,  and  parsed  for  a  few  minutes  a  galvanic  current  of  sli-^ht  tension,  hut  ^uf- 
Bcient  to  create  a  decided  burning  sensation,  and  to  appreciably  affect  the  erupt ioa, 
Tt»b  was  the  only  application,  as  imme<liatcly  after  the  patient  left  the  city.  A 
month  aflern-ards,  however,  she  presented  herself,  but  with  no  vestige  of  the  ring- 
worm.  It  began  to  disappear  almost  immediately  after  the  treatment,  and  within 
two  weeks  the  skin  was  quite  clear.  To  this  date,  two  and  a  half  years  »mcc  the  ap- 
phcation,  there  has  been  no  reap]  carance  of  the  eruption. 

Scleroderma,  —This  disease  of  the  skin,  usually  so  obstinate  to  recog- 
nized methods  of  treatment,  may  be  treated  by  strong  localized  galva- 
oiration  with  considerable  benefit.    Fieber,  of  Vienna,  records  a  case 
3J 
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where  peripheral  galvanization  combined  with  galvanization  of  the  sfm 
pathetic  were  very  eftective.  In  a  case  that  we  saw  with  Dr.  PiftanJ, 
and  for  a  time  treated  with  him,  a  very  persevering  use  of  the  galvanvc 
current  had  a  decidedly  beneficial  effect. 

Chromatogenous  Diseases — Lcucodermay  Melanoderma, ~^\i^  chem- 
ical or  catalytic  action  of  the  galvanic  current  is  theoreticaUy  indicated 
in  chromatogenous  or  pigmentary  diseases.  With  leucodernia  or  wliite- 
ness  of  the  skin  and  ephelis  or  sun-burn,  and  in  lentigo  or  freckles,  no 
experiments,  so  far  as  we  know,  have  yet  been  made.  Dr.  VVnL  R, 
Fisher,  of  Hoboken,  has  treated  a  case  of  melanoderma  of  the  face  by 
the  galvanic  current,  and  gained  a  complete  cure.  The  spot*  which 
was  about  half  an  inch  in  breadth  and  three  quarters  of  an  inch  lon^ 
looked  like  a  spot  of  mud  on  the  cheek.  Through  the  courtesy  of  Dr. 
Fisher  we  had  opportunity  to  see  this  case  both  during  the  process  of 
tlie  treatment  and  after  recovery. 


Elephantiasis, 

BUphantiasis  of  the  hgs^  omr  two  ymrs^  ttanding^  aitiiuhi  with  uteer^hn  a*i 
^eat  pain — Relief  of  pain — Removal  af  tke  eUpkantine  skin  andt^ry  nmsrh^ 
reduction  in  the  fiu  of  one  teg  under  IjcAlited  galvanitaiion — SukttfiumtJmlk^f 
patient  fvQm  exhaustion* 

Case  CVll, — Mr.  P.,  an  EnglUhman  of  middle  life,  a  man  strong  and  Tigorod 
beyond  ihe  average,  a  distiller  of  oih  by  occupaiiou,  returning  from  his  dailrdiUief 
on  the  evening  of  February  22<1,  1S70,  oSscn'eil,  on  removing  his  socks.  *  small  tHw 
ler  on  the  inner  side  of  the  left  atikte.  The  next  day  he  called  oti  his  phytictafl,  Df. 
Rot  ton,  under  whose  care  he  remained  for  one  year  and  more. 

The  disease  spread  over  I  lie  left  foot  and  ankle^  and  in  abiut  two  months  the  ngli  ! 
foot  was  similarly  attacke  L  The  blisters  as  they  ruptured  left  inflamed  and  wgry 
surfaces  in  their  track.  The  disease  inviilved  the  surface  of  the  feet,  and  baih  \e^ 
up  to  the  knees.  The  treatment  carried  out  by  Dr.  R,  was  mainly  of  a  tonk  and 
alterative  diaracter,  with  local  applications  of  glycerine,  carbolic  acM,  uidkttlwii^ 
At  one  time  Dr.  Johniion  saw  the  case,  confirmed  the  diagnosis  of  elephft&tkui%  uA  \ 
rendered  a  diagnosis  positively  unfavorable. 

We  first  saw  the  case  by  request  of  Dr.  R.  in  May,  1871.  At  that  time  tlie  rigjl 
leg  below  the  knee  measured  twenty- f^ft  inches  in  circumference,  and  it  was  oovKwi 
•11  over  with  dcphantitic  skin,  excepting  an  ulcerating  surface  below  ihc  ttW* 
This  ulcer  was  treated  with  charcoal  poultice  and  discharged  freely.  The  left  \t% 
was  not  greatly  enlarged,  byt  was  red»  angry,  and  inflamed,  and  kept  tip  in  jmnwi* 
discharge  from  the  surface. 

The  patient  suffered  horrible  agonies^  so  that  at  night  the  neighbors  wert  ifiitirM 
by  his  howling.  lie  was  unable  to  move  from  the  sofa  on  which  he  sa£«  and  wittft 
he  worked  at  his  newly-learned  trade  of  cleaning  gloves* 

By  our  request  Dr.  E.  Mann  at  first  undertook  the  experimental  treatment  of  l^ 
ctac  by  electricity*     We  had  never  known  of  elephantiasis  bcmg  treated  elect i^iUfi 
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rgavc  on  unfavorable  prognosis,  and  were  indeed  inclined  not  to  attempt  it  ;  onlj^ 
^by  the  earnest  request  of  the  patient  and  his  physician  we  decided  to  try  and  net 
whether  we  might  give  him  some  relief.     LoaiWzed /aradisa/ian,  at  first  tried,  accom* 
pluhsd  nothing,  and,  so  great  was  the  anoesthesia,  was  not  feit  by  the  patient. 


U^s 


Fig.  104. 

Elephantiads  of  iegs  before  treatment  by  electricity, 

I^ocalized  gaivaniuUion,  by  means  of  wet  sponges,  and  both  poles  with  zinc-carbon 
bftttery  of  sixteen  cells,  was  appreciably  felt,  and  very  soon  began  to  relieve  the  p^JL 

TTie  applications  were  from  len  to  thirty  minutes  in  length. 

Aft«f  fwo  months'  treatment  the  elephantine  skin  on  the  left  leg  was  removed,  the 
lim  had  ceased,  and  the  leg  was  reduced  in  circumference  from  twenty-fivt  to  sevim* 
Wtn  ifuhei.     The  ulcerated  porlton  below  the  ajikle  was  also  nearly  well. 

The  electrical  treatment  was  then  discontinued  for  several  months.  During  the 
Utter  part  of  thb  time  there  were  evidences  of  relapse  and  reappearance  of  ulcers  and 
pain.     The  case  was  seen  at  various  stages  by  a  l^urge  number  of  the  profession. 

The  patient  subsequently  relapsed  somewhat  on  a  di  scon  tin  uatice  of 
Hie  treatment ;  was  again  treated,  though  with  less  benefit,  by  our  as- 
ftistant,  Dr.  Sterling.  Among  other  methods  central  galvanuation  was 
tried,  btit  without  perceptible  efltecL  In  the  course  of  a  year  the  pa- 
tient died  exhausted. 

I  Alopecia, — In  this  condition,  local  galvanization  has  been  used  with 
S0nie  benefit.  Our  own  observations  in  this  particular  affection  have 
pot  been  very  extensive. 

The  question  that  has  been  often  asked  us,  whether  parasites  on  the 
tkin  can  be  killed  by  a  current  that  the  patient  can  easily  bear,  we  are 
unable  to  answer. 
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Permanence  of  the  Results, — The  very  natural  question,  whether  ihc 
results  obtained  by  electricity  in  diseases  of  the  skin  are  more  perma- 
nent than  those  obtained  by  ordinary  methods,  the  future  must  aiiswef. 
That  relapses  may  occur  after  a  cutaneous  disease  has  even  yielded  to 
•  electrical  treatment,  already  has  been  demonstrated.  To  what  extern 
central  galvanizaiion  and  general  faradization  combined  with  local  licit* 
ment  can  control  the  diathesis  must  be  ascertained  by  patient  and  per 
sistent  experiment. 

That  the  results  of  electrical  treatment  are,  to  say  the  least,  as  per 
manent  as  those  derived  from  the  accepted  methods,  and  that  after  the 
accepted  methods  have  partially  or  entirely  failed,  electricity,  either  jlonc 
or  in  conjunction  with  llie  accepted  mc^thods,  may  succeed,  we  ha,'  e  »t 
isfactorDy  estal  lislied- 

Supcrjfuous  Hairs. — That  hairs  can  be  successfully  and  permanentif 
removed  by  electrolysis  is  now  an  established  fact.  The  appliances  ^ 
necessary  are  a  pair  of  tweezers  lo  seize  the  hair,  an  exceedingly  fine 
irido-platinuni  needle,  and  a  needle-holder  which  is  lo  be  connected 
with  the  negative  pole  of  the  battery.  The  patient  being  seated  in  I 
high  recHtiing  chair  and  exposed  to  a  good  light,  the  operator  seizes  the 
hair  with  the  tweezers  held  in  one  hand^  while  with  the  other  tk 
needle  is  introduced  by  the  side  of  the  hair  into  the  follicle.  The 
patient  then  applies  the  positive  pole  to  the  palm  of  her  hand  In  a 
few  seconds  some  hyperneniia,  followed  by  a  slight  blanching  and  a 
little  froth,  will  appear  around  the  necrdle,  and  in  from  twenty  to  forty 
seconds  the  hair  becontes  loose  in  the  follicle  and  is  readily  withdrawu 
The  current-strength  should  be  just  sufficient  to  do  the  work.  Approii- 
mately,  froju  eight  to  twelve  ordinary  zinc-carbon  cells  will  answer  ihe 
purpose. 

The  pain  is  but  slight,  and  if  the  work  is  skilfully  done  but  little,  ^ 
any,  scarring  will  follow. 


CHAPTER   XXVI. 
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Among  the  diseases  of  die  organs  of  digestion  for  which  electridt)f 
has  been  successfully  eniployed,  are  dyspepsia^  jaundice^  constipation^ 
thronic  diarrhma^  gastralgia^  abdominal  fuuralgia^  vomiting  or  regnr* 
gUation^  flatulence^  and  sea^sickness^ 

Electro  Diagnostic — Irritable  conditions  of  the  stonrach,  liver,  and  in- 
testines are  sometimes  revealed  by  their  scnsitiveneijs  to  the  electric 
1  current.  Pains  must  be  taken  to  distinguish  the  sensitiveness  of  the 
skin  from  that  of  the  internal  organs. 

All  anaesthetic  condition  of  the  liver  is  sometimes  exceedingly  marked. 
In  several  of  our  cases  the  whole  power  of  the  faradic  apparatus  was 
not  painfully  felt,  when  localized  through  the  liver  by  large  sponge 
electrodes.  Irritability  or  ulceration  of  the  large  intestines  is  some- 
times indicated  in  a  very  marked  manner.  For  the  diagnosis  of  the  dis- 
eases of  these  organs,  the  faradic  current,  on  account  of  its  superior 
mechanical  effects,  is  preferable  to  the  galvanic. 

In  nervous  dyspepsia  there  is  frequently  a  peculiar  and  very  unpleas- 
ant tenderness  in  the  epigastric  region,  so  that  only  a  very  mild  current 
can  be  borne.  In  some  cases  a  thrill,  with  a  sinking  sensation,  is  felt 
when  the  electrode  with  a  strong  current  is  passed  down  the  spine ;  in 
other  cases  the  application  of  a  strong  current  at  the  cilio-spinal  centre^ 
or  on  the  crown  of  the  head,  causes  a  feeling  of  nausea.  The  spinal 
irritation,  on  which  nervous  dyspepsia  so  frequently  depends,  is  indi- 
cated by  tenderness  of  tlie  dorsal  vertebrae,  as  revealed  by  pressure  or 
application  of  the  current. 

General  Principles  of  Electrical  Treatment — Electrical  treatment 
is  serviceable  in  the  diseases  of  the  organs  of  digestion  in  two  ways : 
Firsts  by  improving  the  nutrition  of  the  tissues  of  the  organs  ;  Strondlvy 
by  improving  the  nutrition  of  the  brain,  spinaUcord,  sympathetic,  and 
entire  nervous  system.  The  tonic  influence  on  the  nervous  system  may 
be  obtained  by  central  galvanization,  and  by  general  faradization. 

The  mechanical  inriuence  on  the  tissues  of  the  viscera  may  be  ob* 
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lained  by  general  oi  localized  faradization.  A  fundatiienlal  fact  ol 
great  importance  in  the  treatment  of  disorders  of  the  digestive  tract  ii 
this,  that/i7r  appUcaiions  to  the  abdominal  viscera^  stomachy  spleen^  Hv- 
er^  intestines  and  uterus^  thefaradic  current  is  usualiy  preferable  to  th 
galvanic.  The  reason  ft>r  this  is  that  the  faradlc  current  acts  more 
vigorously  on  the  muscles  than  the  galvanic,  and  therefore  produces 
more  powerful  mechanical  ^^^qX%  with  passive  exercise  of  all  rhe  deep 
tissues.  It  may  be  safely  said,  then,  that  we  know  of  no  treatment  more 
sure  to  relieve  the  leading  and  concomitant  phenomena  of  dyspepsia  as 
general  faradization  and  central  galvanization.  In'  connection  with 
this  we  sometimes  use  galvanization  of  the  sympathetic,  the  pneumo^ 
gastric,  and  spine.  General  faradization  relieves  nervous  dyspepsij 
not  so  much  by  the  virtue  of  its  influence  on  the  stomach^althoug 
it  directly  affects  the  stomach — as  by  its  influence  on  the  nervous  condi- 
tion of  which  the  dyspepsia  is  a  symptom. 

The  number  of  our  cases  in  which  dyspepsia  was  the  only  symptom 
was  comparatively  small ;  die  number  in  which  it  was  a  prominent  ac- 
companying symptom  was  quite  large.  Most  of  the  cases  of  hysteria, 
nervous  exhaustion^  and  hypochondriasis^  and  very  many  of  the  cases 
of  neuralgia  and  paralysis,  were  more  or  less  complicated  with  dyspep- 
tic symptoms.  Relief  of  dyspepsia  is  one  of  the  earlier  sigt>s  of  itn- 
provemenl  tinder  electrization,  even  when  treating  cases  in  which  it  is 
merely  an  incidental  condition. 

The  stomach  and  liver  may  be  indirectly  galvanized  through  the 
pneumogastric  in  the  neck ;  the  stomach,  liver,  spleen,  kidneys,  and 
intestines  may  be  directly  faradized  by  applying  large  electrodes  with 
very  fine  pressure  over  the  back  and  abdomen,  so  as  to  pass  the  ciix- 
rent  directly  through  tlie  organ  that  we  wish  to  affect.  Except  in  < 
of  disease,  tliese  organs  will  bear  strong  currents  without  severe  dis-' 
comfort.  Either  stable  or  labile  api>lLcations  may  be  used,  witliout  re* 
gard  to  the  direction  of  the  current,  froai  three  to  ten  minutes,  or  eren 
longer. 

Prognosis, — For  the  temporary  or  permanent  relief  of  nervous  dyt* 
pepsia,  the  prognosis  under  the  treatment  above  indicated  is  exceed- 
ingly favorable,  and  the  results  obtained  by  general  farcuiization  and 
central  galvanization  alone  are  some  of  the  most  remarkable  in  iherct- 
peutics,  Cascj  of  nervous  dyspepsia,  with  their  manifold  complication 
are  on  the  whole  the  best  tests  tliat  can  be  offered  for  this  method 
treatment.  Not  only  are  the  purely  dyspeptic  symptoms  relieved»  but 
there  is  great  improvement  in  sleep,  and  in  strength  of  muscle  and 
braini  and  in  some  cases  very  marked  increase  id  weight.     Relapses 
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•re  not  wnfrequcnt  in  this  disease^  especially  under  bad  hygiene ;  for 
with  many  the  tendency  to  nervous  dyspepsia  is  hereditary,  and  is  con- 
tinually liable  to  manifest  itself. 

Dyj^/fsia,  accampanied  by  a  w>rati^94s  appctiU  and  a  constant  burning  in  th€  htom* 
ach — Approximate  rt€ffvery  under  treatment  by  general  faradl&atiQH. 

Cass  CVIU. — The  case  of  Mr.  S.,  o^  31,  presented  symptoinsof  ibc  old-fash^ 
kmed  variety  of  indigestion.  HU  appcaraoce  did  not  indicate  auy  special  or  aimoy* 
ing  disease:. 

A  year  previously  he  began  fo  experience  an  tmeasy  feeling  in  the  epigastric  region 
afier  eating  a  hearty  meal.  This  symptom  gradually  became  more  aggravated,  until 
it  was  a  source  of  serious  annoyaiKe. 

He  had  been  advised  to  limit  himself  to  a  spare  diet,  and  had  attempted  to  regu- 
late the  quantity  and  quality  of  his  food.      In   this  he  failed   on  account  of  another 
iiymptom,   wliich  before  had  escaped  his  oljscrvatiou.     We  refer  to  boulimia — in 
other  words,  a  voracious  appetite,  which  refused  to  be  controlled.     The  enormous 
lamount  of  food  which  he  devoured  at  every  meal  was  but  partially  digeiiled.     A  con- 
1  siderahle  portion  wa^  occasionally  vomited.      When  his  meals  were  withheld  a  short 
lime,  he  experienced  an  indescribable   **  sinking"  at  the  stomachy  impelling  him  to 
p  seize  voraciou^isly  on  articles  of  food.     He  complained  especially  of  a  constant  sen- 
IjKition  of  beat,  or  a  burning  pain  in  the  epigastrium,  which  was  aggravated  by  the 
f  ingestion  of  food.     We  ascribed  this  symptom  to  an  excessive  vascular  irritation  of 
the  macous  membrane  of  the  stomach. 

An  unequal  circttlation  was  manifested  by  cold  esctremities  during  the  day,  and  hot 
feet  at  night. 

Derangement  of  the  hepatic  function  was  evident  by  the  light  clay-coloretl  stools, 
while  the  urine  was  invariably  almost  colorless.     The  patient  was  accustomed  to  the 
habitual  use  of  alcoholic  stimulant^  but  never  to  the  point  of  intoxication.     He  had 
.  tt5«d  strong  coflTee  and  tea  to  ejccess,  but  had  for  some  months  abstained  from  ihem 
l»ltogcther.     The  faradic  current  was  acutely  felt  over  the  stomach.     Over  the  body 
f  generally,  however,  he  bore  a  current  of  more  than  ordinary  intens*ity.     Three  appli- 
I  cations  given  in  the  course  of  a  week  appreciably  lessened  the  irritatioa  of  the  dis- 
eased organ.     This  effect  was  evbced  by  a  decrease  in  the  burning  sensation,  which 
was  mentioned  as  a  disagreeable  and  marked  symptom.      The  vomiting  was  effectu- 
ally controlled  after  two  weeks  of  treatment.     Twenty  applications  adminisiered 
during  a  period  of  two  months  resulted  in  an  approximate  cure. 

The  voracious  appetite  was  in  a  great  measure  subdued,  and  It  was  only  after  some 
mdiscretion  in  diet  thai  any  of  the  old  local  symptoms  returned  sufficiently  to  aunoy 
the  patient 

A  casi  of  indigestion  and  excessive  vomiting  associated  with  anttsthesia  and  weak" 
'»*W  0/  ^ighi  side — Approximate  recovery  of  indigestion^  etc. ,  under  galvaniustum 
if  ihi  tympatkttie^  pntumogastrie^  and  relief  of  ihi  anasikuia  under  general 
faraditaiion* 

Case  CIX. — ^Miss  C,  aged  33,  came  to  us  in  October,  iS^Oi  with  the  following 
hiitory  t  She  suffered  during  childhood  for  several  ycais  from  chore*  of  tlie  right 
ndci  which  at  the  age  of  twelve  entirely  disappeared. 
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She  then  enjoyed  fair  health  unlil  the  age  of  2]  years,  when  a  coodltion  of  bdigv 
tion  supervened  that  was  fearful  in  its  effects.  Hardly  anythmg  could  be  renin©! 
upon  her  stomnch,  and  during  the  winter  she  wasted  almost  to  a  shodowv  «id  W 
life  was  despaired  of.  Under  gaUonization  of  the  sympathetic  and  poemnogastiki 
her  dj-speptic  symptoms  improved^  and  the  vomiting  became  decidedly  less.  Aft« 
rwo  montlis  of  lhi>  trcaitticat,  she  had  increased  in  weight  to  her  normal  staadtrd, 
and  when  we  Ixst  saw  her,  she  wai»  able  to  retain  the  greater  portion  of  the  fooi 
ir»(^csted.  Since  the  digestion  began  to  improve,  however,  the  left  side  of  tbebod| 
[►etame  markedly  anaesthetic,  cold,  and  greatly  deficient  in  strength*  The  oppoat« 
side  was  slightly  affected.  General  faradiiation  repealed  six  or  eight  iimenahnort 
completely  relieved  these  symptoms. 

Oyipe^ia  of  many  ytars"^  sianding — Great  imprtrvement  under  giMtr^  faritf^M-' 
thn^  and  tttcrtast  in  xif<ighi  of  thirty  poutids^ 

Case  CX,  ^  Mr.  T ,  a  b,»oUveller,  aged  31,  stated  that  for  a  number  of  ye«» 

he  had  suffered  ffoai  chronic  dys|>cpsja,  which  had  rendered  his  life  miserable.  H« 
httd  lost  much  ill  flcsb.  Although  5  ft,  8  ins  in  beighl,  his  weight  was  boi  a^md 
one  hundred  [lounds.  He  complained  of  regurgitations  from  the  stomaeh  of  ati  u** 
'eusely  sour  liquid,  and  on  rising  in  the  morning  he  was  often  troubled  with  fiynibk, 
Tympanitis  was  a  frequent  symptom,  and  ofteniimcs  the  accumulation  of  gai  witlaa 
the  stomach  embarrassed  the  respiration  and  disttnbcd  the  action  of  tbc  beait 
Treatment  was  corumenced  about  the  middle  of  October^  1S66,  and  conttnticd  lof 
four  weeks,  general  faradization  being  applied  three  limes  each  week.  The  dally  rt- 
gurgitaiions,  the  tympanitis,  and  pyrosis  gradually  ceased  lo  annoy  him;  aii4«ficr 
the  tenth  application,  he  informed  us  that  during  the  month  he  had  increased  in  wei^^ 
some  fifteen  pounds. 

About  the  beginning  of  January,  1867,  he  called  upon  us,  stating  that  his  heillli 
was  excellent,  and  that  his  total  increase  in  weight,  since  he  first  commencfti  utH* 
ment  by  electricity,  was  some  thirty  pounds.  He  said  that  he  did  not  feel  that  hiaii* 
gcstive  organs  were  as  strong  as  they  had  been  before  he  was  attacked  with  dy^pfp* 
sia,  but  they  ha<l  ceased  lo  give  him  any  considerable  annoyance. 

Nervous  dyspepsia^  associated  with  periodical  attacks  &f  headache  and  vomitin^^t 
prifximate  rec<n*ery  and  rapid  increase  in  weight  fotj^tw  general  faradimiieM 

Case  CXI, — A  young  man  consuUed  us  in  the  fjdl  of  1866  for  a  persistent  form 
of  nervous  dyi^pepsia. 

He  was  of  a  weak  nervous  organ iiation,  and  presented  a  remarkably  ouisnuc  ud 
emaciated  appearance.  Every  month  or  six  weeks  he  was  pro&trateil  by  a  severe  It- 
lack  of  hea4:lachc  and  vonuiing,  from  the  effects  of  which  he  would  not  recuffffai 
several  days.  In  administering  a  general  application  of  tlic  faradic  current,  it  ifil 
found  that  the  liver  was  relatively  the  most  sensitive  to  its  iiifluence.  So  exhaustil^ 
was  the  sensaiion  produced  by  the  clcclricily  in  this  organ,  that  very  decided  syini^ 
toms  of  fainlness  fuUowed.  He  soon  rallied  from  its  effects,  and  when  he  vbitcd  tt 
two  days  suhseqtienlly  he  expressed  himself  as  having  ejipcrienced  very  marke^i  «ti 
grateful  relief.  At  each  silting  he  was  able  to  bear  a  more  intense  current  oter  the 
iigesttve  organs  and  body  generally.  The  l«;neficial  effects  of  the  applications  ^P«re 
•oon  manifest  by  a  more  natural  and  lively  appetite,  relief  of  coustipatioti,  by  grtailj 
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faicreaicd  vigor  of  raind  and  body,  and  by  the  non-recurrence  of  his  usqaI  paroxysm 
of  headache  and  vomiling.  The  first  application  was  given  Octoher  24,  and  the  fif« 
teenth  and  lost  in  the  early  part  of  December.  During  the  treatment  the  weight  of 
tliis  patient  increased  from  106  to  115. 


A  number  of  cases  in  which  nervous  dyspepsia  was  a  symptom  will 
be  found  under  hysteria  and  allied  affections,  neuralgia  and  paralysis. 

Constipation^  Chranic  Diarrha:a^  and  Jaundice,— Constipation^  asso- 
ciated with  and  constituting  a  part  of  nervous  dyspepsia,  is,  hke  dys- 
pepsia, disposed  to  yield  rapidly,  and  often  permanently,  to  electriza- 
tion. Next  to  insomnia,  it  is  the  symptom  ftrst  to  yield,  after  general 
faradization  is  used,  even  though  there  may  be  subsequent  relapse. 
Very  many  of  the  cases  related  under  dyspepsia,  hypochondriasis,  hys- 
teria, and  nervous  exhaustion,  were  to  a  greater  or  less  extent  troubled 
with  constipation,  even  when  tliis  symptom  was  not  specified ;  and  in 
the  majority  of  cases  there  was  important  reliefl 

The  rehef  is  sometimes  merely  temporary  ;  relapses  are  most  likely 
to  occur  in  those  cases  that  are  of  a  hereditary,  or  at  least  life-long 
■iharacter. 

It  not  unfrequently  happens  that  a  strong  application  is  followed  the 
next  or  even  the  same  day  by  a  freer  alvine  discliarge  than  usual 
Constipation,  much  more  frequently  than  is  supposed,  depends  on  an 
irritable,  exhausted,  or  congested  condition  of  the  spinal  cord.  That 
iiiyelltis  and  the  more  serious  lesions  of  the  spinal  cord  are  accompa- 
nied by  a  deranged  condition  of  the  bowels,  either  consttpation  or 
diarrhcea,  is  fully  recognized;  it  is  not,  however,  so  well  understood 
that  spinal  irritation t  even  in  its  milder  degrees,  may  have  constipation 
for  one  of  its  symptoms,  and  that  this  symptom  will  disappear  with  the 
removal  of  the  cause,  by  treatment  directed  to  the  spine.  For  those 
cases  that  result  from  incurable  disease  of  the  brain  or  spinal  cord  only 
temporary  relief  can  be  obtained.  In  such  cases  relapse  usually  occurs 
as  soon  as  the  treatment  is  discontinued.  Very  obstinate  and  life-long 
cases  of  constipation  sometimes  are  not  benefited  by  any  form  of 
electrical  treatment. 

Electrization  may  be  said  to  relieve  constipation  in  several  different 
ways : — 

1.  By  its  general  tonic  eflfects  on  the  system  at  large,  on  the  same 
principle  that  it  relieves  nervous  dyspepsia, 

2,  liy  its  tonic  effects  on  the  central  nervous  system,  and  especially 
on  the  spinal  cord.  On  account  of  the  fact  that  very  many  cases  of 
nonstipation  depend  on  a  morbid  condition  of  the  cjrd,  special  atten* 
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tion  sl^oiild  be  given  to  the  spine,  whatever  may  be  the  method  of  elcc 
trization  employed. 

J.  By  its  direct  effects  on  the  organs  of  digestion*     The  mechaGtcili 
action  of  the  faradic  current  especially  gives  tone  to  the  stomach,  Uveri  i 
and  intestines,  markedly  increases  the  hepatic  and  intestinal  secretions, 
and  aids  the  peristaltic  action  of  the  intestines. 

\n  Jaundice  tht  results  of  our  limited  experience  have  been  more 
favorable  than  the  reverse.  In  chronic  diarrhoia  we  have  succeeded  in 
a  number  of  striking  instances. 

The  treatment  of  all  these  conditions  is  worthy  of  far  more  attention 
than  it  has  thus  far  received  from  electro-therapeutists. 

Habit tiol  consHpation  for  fifttinytan — No  permantni  btntfit  from  wuditaiifim — 

Rapid  improvenuni  under  g^enerai  faradiMtUion — Relapie, 

Case  CXI  L— Mr.  N,,  aged  30,  n  printer  employed  in  th«  ofliccortheNflw  York 
Times^  was  sent  to  us  by  Dr.  St.  John  Room.  For  fifteen  years  he  hnd  sulfcrcd  from 
coaKtipatioQ.  So  {iier^istent  were  the  symptom^  that  neither  well-directed 
tion  nor  such  hygienic  measures  as  he  could  command  were  of  any  avail 

The  appetite  was  good,  and  the  sleep  moderately  ^utid  atid  refreshing.  The  patient 
complained  of  a  sense  of  weight  or  oppression  in  the  abdomen,  of  flatulence,  and  oc- 
castionally  of  a  slight  feeling  of  nausea. 

The  evacuations  often  came  away  in  knotty  lumps,  after  much  straininf  and  M  ^ 
unpleasant  dtJ^tension  of  the  anus.  As  a  consequence  of  this  torpor  or  warn  of  \ 
oepttbility  of  the  intestines,  his  health  had  become  considerably  impaired.  He  < 
plained  of  a  general  feelmg  of  malaise  and  a  disci inat ion  to  engage  in  any  active  efTorj 
Above  all,  however,  he  Buffered  continually  from  most  painful  mental  depn 
The  monotony  and  confinement  of  his  occupation,  together  with  the  unnatv 
method  of  life  of  working  at  night  and  sleeping  during  the  day,  doubtless  served  to 
aggravate  the  character  of  his  disorder*  He  received  only  three  applications  of  th« 
faradic  current,  which  resulted  in  an  extraordinary  improvement  in  bis  general  symp 
toms.  After  the  first  stance  the  bowels  moved  freely,  and  continued  to  do  sa  1 
day  while  he  visited  us.  He  was  completely  relieved  of  his  mental  and  phyiicat  de- 
f  ression,  and  in  every  respect  was  more  vigorous  than  for  many  years  before. 

The  bowels  continued  regular  for  several  months,  when  the  old  symptoms  gradually 
returned.  The  patient  again  applied  to  lu  for  treatment^  and  was  relieved  as  tSiec* 
tiially  a»  before. 

OksHnati  iamtipaiiom  reiifpid  by  a  frw  applicaihns  of  th^  far&die  €%trrfni^ 

Case    CXIIL— Through  the  kindnesi  of  Dr.  Howard  Pinckney  we  treated  ait  0I 
natecase  of  constipation  tn  a  lady  aged  about  30^  who  also  suffered  from  aeve 
menorrhagia  and  nervous  exhaustion.     A  few  applications  of  genera)  faradiiatioQ-^l 
the  current  bemg  directed  more  particularly^  however,  to  the  intestinal  tract — relieved  ^ 
this  condition  so  decidedly,  that  it  was  unnecessary  to  continue  the  treatment.     A 
year  subsequently  a  single  application  relinrrd  the  patimt  on  a  rttum  of  tlit  old 
ifmp'^'iixL 
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In  some  cases  of  very  obstinate  constipation  it  is  of  adv»tntage  to 
localize  the  current  by  inUrnal  applications*  This  may  be  accom- 
plished by  means  of  a  rectal  electrode  (Figs.  io6  and  107),  This  may 
either  be  non-insuiated^  or  insulated  up  to  a  point  near  the  tip,  and 
may  be  double  or  single.  A  very  powerful  current  may  he  borne  in 
(he  rectum  without  discomfort.  The  other  pole  may  be  applied  at 
different  points  over  the  abdomen. 

With  the  double  rectal  electrode,  as  with  double  electrodes  of  all 
kinds  there  is  so  small  a  portion  of  the  body  interposed  that  the  resist- 
uice  is  very  feeble  and  only  a  slight  current  will  be  borne. 
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and  tbe  positive  passed  a/er  the  abdomen  in  the  region  of  the  laigi 
intestine.     In  three  minutes  a  very  abundant  evacuation  appeared 

The  second  case  was  severe^  but  not  as  long  standing  as  tlic  other. 
The  patient  passed  much  blood  at  stool,  and  was  fast  becoming  ex- 
hausted  The  same  appHcation  brought  rehef,  though  not  so  spcedilf 
as  in  the  preceding  case.  In  two  cases  of  ileus  that  we  treated  in  rhif 
way  diere  was  relief. 

Dr.  Clemens,  of  Frankfort,  states  that  he  has  successfully  treated 
invagination  by  first  administering  one  or  two  table  spoonfuls  of  metaliic 
mercury,  which  settled  down  to  the  seat  of  the  invagination.  The  nega- 
tive electrode  was  api>lied  over  the  supposed  seat  of  the  disease,  and 
the  positive  in  the  rectum.     Voltaic  alternatives  were  used.* 

CAranie  diarrhsta  of  six  monihs*  siand»ng,  associnUd  wifA  gewierai  neuralgior^ 
Marked  tenderuiss  over  the  transverse  eohn^Treated  by  general /anadiMati09^ 
with  s/eeiat  reference  to  the  tender  spot — Keeavery  in  three  weeJbs. 

Case  CXIV,— A  lady,  aged  35,  scut  to  us  by  Dr.  H.  H.  Gregory,  for  a  gmcrsl 
Dcuralgia,  from  which  at  limes  she  sutTered  excessively.  The  faradic  cmrent  was  applied 
over  the  whole  body,  and  produced  no  discomfort,  excepting  when  it  was  sent  tlirot^ 
a  certain  part  of  the  intestinal  tract* 

This  lender  spot  was  located  on  the  right  side,  directly  over  the  tnuisverse  cokjn 
Over  no  other  portion  of  the  abcJometi  was  she  at  all  senstiive  to  the  electridtjr*  ^ 
at  this  point  a  very  moderate  current  produced  a  disagreeable,  sharp,  bomtng  paifl, 
similar  to  tJuu  caused  by  making  the  application  to  a  raw  surface.  Upon  inqmiyi 
the  patient  statetl  that  for  six  months  &iie  had  been  anno) ed  by  a  diarrhoea,  which 
persisted  in  spite  of  persevering  and  judicious  medication*  She  was  obliged  to  eMT* 
cise  the  utmost  caution  in  her  diet,  for  the  least  Indiscretion  In  eating  was  certain  to 
aggravate  her  disorder. 

We  now  directed  the  applications  more  especially  to  this  tender  spot,  aadsoofi  ob- 
served some  amelioration  of  her  diarrhoeal  symptoms.  The  stools  assumed  a  finaef 
consistency  and  a  more  hcallhy  color,  and  in  proportion  as  she  improved  in  that 
respects  the  tender  spot  became  less  sensitive  to  the  influences  of  the  electric  CDrrent. 
Eight  applications,  extended  over  a  period  of  three  weeks,  resulted  in  complete  « 
CO  very. 

Diarrhcea  of  several  montJts^  standing  in  a  hd  of  tweh*e  yettrs^  cauuM  hy  erpem^U 
cold — /Recover)*  under  ten  general  faradisations — Ittcrease  in  weight. 

Case  CXV. — J.  W,,  aged  twelve  years,  was  annoyed  by  an  excessive  looseaoi 
of  the  bo^'els,  which  hod  persisted  for  several  mouths  in  spite  of  every  Conn  af 
medicfttion  that  had  been  tried.  He  was  of  a  delicate  conslitattoi«,  but  until  tha 
attack  of  diarrhti?a  he  had  always  enjoyed  a  good  degree  of  health.  His  motjhet  iB* 
tributed  his  disorder  to  exposure  during  a  cold,  damp  day,  at  a  time  when  hiisyaica 
was  a  little  below  par  from  too  close  confinement  in  the  school-room. 

A  mi^dcrale  amount  of  food  caused  no  discomfort,  but  his  power  of  atsittulitioc 

♦  Althaus,  op.  d\,  p.  603. 


CASES  OF  CHRONIC  DIARRHCEA. 


525 


was  considerably  impatred,  as  shown  by  the  great  quantity  of  alir  cut  that  passed  ht» 
bowels  daily.  Ordinarily  he  liad  five  or  six  evacuations  during  the  <wenty-roui 
hours;  but  if  he  iudiit^ed  to  any  extent  in  athletic  exercises  the  symptoms  became 
more  urgent. 

On  one  occasion,  after  indulging  for  an  hour  m  a  game  of  ball,  he  was  annoyed 
during  the  night  by  nearly  a  dozen  evacuations,  which  were  attended  with  ronsider- 
able  pain.  As  might  be  inferred,  this  constant  drain  upon  his  system  had  siill  further 
decreased   his  limited  stock  of  vitality,  and  he  had   lost  within  three  months  some 

•  twelve  pounds  in  weight. 
The  first  fi>ur  applications  worked  no  important  change  in  his  general  condition. 
After  the  fifih  vmt  there  were  manifest  signs  of  improvement  During  the  twenty- 
four  hours  rollo%ving  be  was  compelleil  to  evacuate  hh  bowels  but  three  times, 
in?.tcad  or  five  or  ^iiu  The  improvement  continued  after  each  subsequent  applica- 
tion, until  the  number  was  reduced  to  one  daily.  The  faeces  were  of  a  firm  consis- 
tency and  unaiixed  with  undigested  food.  The  evacuations  caused  no  suflTcring,  and, 
•  more  than  all,  he  had  gained  nearly  six  pounds  in  weight.  He  could  indulge  in  aU 
the  ordinary  sports  of  his  school- fellows  without  any  evil  consequences  following. 

The  patient  was  under  treatment  nearly  a  month,  and  the  number  of  appiicaiioni 
adminibtercd  was  ten. 


,r  ^hrrrhrn  With  txccssive  pains  inbmk  and  ahdamin — Great  dibiVUy^Very 
great  improitfmettt  from  general  faradization. 

Case  CX  VI. —Miss  I.,  a  lady  30  years  of  age,  was  referred  to  us  by  Prof.  J.  T. 

iMetcalfe,  OcL  21,  iS69»  to  be  treated  for  chronic  diarrhcea  of  four  years'  standing^ 

l»ltcrciated  with  some  anemia  and  muscular  weakness.     The  discharges,   sometimes 

everai  daily,    were  fre^iuentiy  followed   by  severe  pain.     Debility  was  so  excessive 

At  ?»he  wa^  o%Tr-faligued  by  a  walk  of  %  quarter  of  a  mile.     Her  appetite  was  capri- 

Ictous  and  digestion  imjicrfcci,  and  the  condition   of  her  bowels  made  necessary  con- 

Ictant  cautioft.     The    patient  referred  her  difficulties  to  exhaustion  caused  by  attend- 

nee  on  an  invalid  sister. 

Electric  cxaiuinalion  revealed  a  marked  tenderness  over  the  transverse  colon,  which 

varied  at  different  times* 

The  patient  was  ireatetl  by  general  faradiiatlon,   at  first  cautiously,  but  soon  as 
she  proved   able  to  bear  it,  with  greater  freedom,  by  intervals,  for  three  mr3nlhs,  the 
.applications  being  made  every  other  day.     Improvement  began  early,  and  its  march 
luras  continuous  and  mostly  uniform.     The  di^harges  were  gradually  reduced  in  fre. 
Iquency,  with  relief  of  the  accompanying  p;iin,   though  two  slight  relapses  occurred 
[from  imprudence  at   the  tabic.     The  excessive  pain  in  the  back  was  relieved  lempo- 
Irarily  uilh  each  application.     From  week  to  week  her  strength  improvctl,  and   at 
I  the  close  of  the  treatment  she  could  walk  two  miles  with  pleasure.     The  increase  in 
stxe  and  hardness  of  the  muscles  of  the  upper  and  lower  limbs  was  palpable.     Occa- 
sional attacks  of  looseness  of  the  bowels  annoyed  her  even  then,  but  ihey  were  not 
aecontpauied  by  the  severe  pain,  and  were  quite  readily  checked  before  they  had  time 
to  impair  nutrition  or  reduce  the  system. 

A  letter  received  f.'om  the  patient  in  September^  1S69,  reported  that  in  the  main 
■be  had  retained  the  jmiirovcmcnt  dcrivetl  from  the  treatment. 

Id  this  case  very  strong  and  quite  protracted  appUcaticns  were  given,  and  with 
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conddcrabte  thoroughness  Ontj  the  faradic  current  was  employed,  sinoe  it  seemed  to 
meet  all  the  mdicationi.  The  temporary  effects  of  general  faradization — relief  •( 
pain,  with  a  feeling  of  warmih  and  exhilaration — were  strikingly  obserred  after  can  b 
application. 

That  the  opposite  symptoms— diarrhoea  and  constipation — are  treated 
successfully  by  electricity  need  surprise  no  one  who  thoroughly  com- 
prebends  the  fact  that  electrical  treatment  improves  nutrition  and  so 
may  be  used  to  combat  any  diseases  that  depend  on  depraved  nutri- 
tion, whatever  the  symptoms  by  which  the  depraved  nutrition  manifests 
itself. 


^umtur  wiik  dehiUty  of  six  monik^  ttmnMng-^Rapid  rte^iuery  midtr  gtntrttl  far* 

aditation. 

Case  CXVIf, — Mr.  B,,  aged  28,  had  sufferel  at  interval*  from  jaundice  associated 
with  excessive  physical  prostration  for  nearly  six  months. 

His  bowels  were  obstinately  constipated^  and  had  been  so  during  aU  this  period  \ 
bodily  derangement.      He  had  been  physicked  at  various  timc%  and  most  thor 
by  calomel  podophyllin  and  other  cathartics,  and  hafl  been  constantly  under  the  infJu- 
ence  of  tonic  remedies.      These  e(!brt&  had  re^iulted  only  in  temporary  relief,  and  at 
the  time  he  applied  to  us  for  treatment  the  patient^s  appearance  was  typical  of  ao 
aggravated  ca^e  of  jaundice 

We  submitted  him  on  alternate  days  to  general  faradization  with  rapid  and  decided 
effect    The  constipation  was  first  relieved,  and  then  followed  an  increase  of  apiietite ; 
at  the  same  time  his  skin  became  dearer,  and  he  increased  both  in  strength  uA 
weight. 

The  result  was  complete  recorcry  witW  a  month. 

(For  Gastralgia  see  chapter  on  Neuralgia.) 

Regurgitation  and  Vomiting. — For  those  cases  of  vomiting  that  1 
of  an  obviously  nervous  character,  galvanization  of  the  sympathetic  anc 
pneumogastric,  or  strong  faradization  through  the  stomach,  is  sometime--^^^ 
of  important  service.  Successful  results  have  been  obtained  by  Peppcr^^^ 
and  Bricheieau.     The  latter  treated  with  success  three  cases  of  vomit^^^  *' 

.  ing  of  pregnancy.    His  method  of  application  was  to  place  the  electrodes ^ 

on   the  epigastritim  at  the  commencement,  middle,  and  close  of  th^^»^  ^^ 
meal. 

It  is  well  in  such  cases,  especially  if  they  are  obstinate,  to  try  a  va— - 
riety  of  methods  :  galvanization  of  the  s)Tiipathetic  and  vagus,  and 
^  the  spine,  faradization  through  the  stomach  with  a  strong  stable  current 
and  general  faradization. 

Dr.  F,  D.  Lente^  of  Cold  Spring,  informs  us  that  he  has  met  with  ex— ^ 
cellenl  success  in  the  treartnent  of  %^omiting  by  faradization.     In  som^ 
cases  tlie  effects  are  immediate. 
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■  Ftaiulenci, — Flatulence  is  a  symptom  of  disorder  of  the  digestive  or- 
gans  that  very  readily  yields  to  electrical  treatment.  It  demands  the 
same  treatment  as  dyspepsia  and  constipation.  Those  very  frequent 
cases  that  depend  on  spinal  irritation  and  congestion,  and  on  hysteria, 
need  central  galvanization  or  general  faradization  ;  cases  that  depend 
on  an  attack  of  acute  indigestion  may  be  advantageously  treated  by  in- 
ternal api)licalions,  one  pole  being  applied  to  the  rectum  by  the  rectai 
electrode,  and  the  other  to  the  spine  or  abdomen. 

Flatulence  was  a  symplom  in  very  many  of  our  cases  of  dyspepsia, 
hysteria,  and  spinal  inication,  and  almost  uniformly  it  temporarily  or 
permanently  yielded. 

»Sia-iickness. — In  October,  1869,  Mr.  Le  Coniat,  a  French  surgeon, 
presented  a  method  of  treating  sea-sickness,  before  the  New  York  Med- 
ical  Association.      Subsequently  a  detailed  account   of  the   method 
wa^  published  by  Dr.  Dwinelle,*  who  had  experienced  the  good  effect^ 
of  the  treatment  on  his  own  person  in  a  passage  across  the  Atlantic 
^     His  method  was  to  first  apply  a  quantity  of  solution  of  atropine — one 
Bgrain  to  the  ounce — to  the  epigastrium^  then  to  apply  a  flat  disk,  con- 
~  nected  with  a  faradic  apparatus,  over  the  pyloric  extremity  of  the  stom- 

■  ach,  white  a  moistened  sponge  connected  with  the  positive  pole  was 
passed  over  the  surface^  from  the  cardiac  to  the  pyloric  orifice. 

Vigorous  contractions  of  the  muscles  appeared  during  the  applica- 
cations,  which  were  followed  by  agreeable  repose, 
H     Le  Coniat  claims  to  cure  by  this  method  ninety  per  cent,  of  his  cases* 

The  statements  made  by  Coniat  and  Dwindle  lose  much  of  their  sci» 
entific  as  well  as  of  their  practical  value,  from  the  fact  that  the  atropine 
was  combined  with  the  faradization. 

There  is  httle  doubt  that  the  passage  of  the  electric  currents  through 
the  body  facilitates  the  absorption  of  liquids,  placed  beneath  the  elec- 
trodes ;  moreover,  it  is  well  known  that  the  skin  is  capable  of  absorbing 
liquids  without  the  aid  of  the  electric  currents.  The  quenching  of  thirst 
by  bathing  is  a  very  familiar  illustration. 

Then  again,  atropine  is  a  remedy  so  powerful  that  ^hs  ^^  ^^en  ^^ 
of  a  grain  is  sufficient  to  powerfully  affect  the  nervous  system^  when  ad- 
ministered hypodermically.  Futherraore,  it  is  a  remedy  for  sea-sickness 
and  sick-headache,  as  has  been  shown  by  experiments  of  ourselves  and 
others  who  have  employed  hypodermic  injections  of  this  remedy  com. 
bined  with  morphine.  A  dose  containing  y§tf  t>f  a  grain  of  atropine 
and  i  of  a  grain  of  morphine  is  sufficient  in  certain  cases  to  relieve  the 


•  New  Vork  Medical  Journal,  186^  p.  390b 
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nausea  and  vomitings  and  produce  sleep — the  same  effects  that  are  pro 
duced  by  the  operation  of  Le  Coniat, 

From  all  these  considerations,  taken  in  connection  with  the  further 
consideration  that  seasickness  is  probably  not  a  disease  of  the  stomach 
alone»  but  of  the  central  nervous  system,  of  which  the  nausea  and  vomil- 
ing  are  frequent  but  by  no  means  necessary  symptoms,  we  are  strongl|[j 
inclined  to  the  belief  that  the  results  obtained  by  Le  Coniat's  procedu 
could  have  been  obtained  with  much  less  difficulty  by  hypodermic  mjec-' 
tions  of  atropine. 

llie  true  way  to  settle  the  question  experimentally  would  be  to  treat 
a  large  number  of  patients  by  all  three  different  methods — ^sonie  by  i 
procedure  of  Le  Coniat,  others  by  the  same  method  without  the 
pine,  and  others  by  hypodermic  injections  of  atropine. 

Electricity  must  be  proved  to  have  some  very  potent  inEuence  over 
sea'Sickness,  in  order  to  persuade  patients  and  physicians  to  attempt  its 
use  on  shipboard.     A  surgeon  in  the  United  States  Navy  reports  to  us^ 
that  he  has  had  good  results  in  the  treatment  of  sea-sickness  by  (aradi^ 
xation. 


CHAPTER  XXVIL 
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The  diseases  of  female  sexual  organs  for  which  electricity  has  been 
proved  to  be  of  service  are  the  aymptoiDS  oi  amenorrhaa^  dysm^norrhma^ 
menarrhagia^  and  ieucorrhasa^  although  some  important  results  have 
been  obtained  in  irriiation  and  inflammation  of  the  ovaries^  chronic 
metritis^  enlargements^  displacements y  and  atrophy  of  the  uterus. 

Amenorrheas  dysmenorrhaa^  menorrkagia^  and  leucorrhma. — These 
symptoms  of  disease  are  of  course  most  amenable  to  electrization  when 
ihey  are  not  dependent  on  any  severe  or  incurable  pathological  condi- 
tion, but  are  merely  indications  of  functional  derangement.  The  in- 
consistency and  uncertainty  of  the  results  of  the  treatment  of  these 
symptoms  by  electricity  is  entirely  explicable  to  all  who  are  conversant 
with  uterine  pathology;  cases  that  are  indiscrhninately  treated  by  any 
method  must,  of  course,  frequently  result  in  a  manner  very  disappoint- 
ing. While  this  is  true  of  all  the  so-called  functional  diseases  of  all  parts 
of  the  body,  it  is  especially  so  with  regard  to  the  diseases  of  women. 

Treatment  of  Diseases  of  the  Uterus. — Local,  central,  and  general 
treatment  may  be  employed  The  local  treatment  may  be  either  ex- 
ternal or  internal. 

Sxternai  il/if/^i/.—*  Ex  tern  ally,  the  uterus  and  its  appendages  may 
be  electrized  by  placing  one  pole  with  firm  pressure  over  the  hypogas- 
tric region,  and  the  other  over  the  lumbar  region  of  the  spine. 

This  method  is  sometimes  as  effective  as  internal  applications,  and, 
in  virgins  at  least,  should  always  be  tried  at  first.  In  this  method 
benefit  is  derived  partly  from  the  effect  of  the  current  on  the  lower  part 
of  the  spinal  cord  and  ihe  abdominal  ganglia  of  the  sympathetic 

Internal  Method. — Electric  currents  may  be  localized  in  the  female 
organs  of  generation  in  a  variety  of  ways.  One  pole  may  be  applied 
to  the  OS  by  means  of  an  insulated  electrode  with  a  metallic  bulb 
(Fig.  109},  while  the  other,  with  a  broad  electrode,  is  applied  to  the  back, 
or  on  the  hypogastric  region,  or  over  one  of  the  ovaries*  Instead  of  a 
metallic  bulb  the  uterine  electrode  may  be  composed  of  branchefi  to 
J4 
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dasp  tlie  cervix.    A  mtich  stronger  current  can  be  borne  at  the  ccnii 

than  would  be  supposed 


Fig.  toa, 

Fahadiiation  op  the  Uterus.— Dae  of  the  poles  is  coanccted  with  a  bUnrdt^ 
electrode,  one  branch  of  which  is  pl&ced  on  the  lumbar,  And  the  olher  an  th« 
hypogastric  region.  The  other  pole  is  applied  in  the  cervix  (or  at  the  os)  by  ** 
bsulated  uterine  electrode,  (The  normal  position  of  the  uterus  is  after  WieW 
and  Dubrisay.) 

A  method  of  faradizing  the  uterus  is  represented  in  the  accompaQjioi 
cut  {Fig.  io8). 

For  intra-uterine  faradization  we  have  devised  an  infra^uterine  eUc^ 
trade  which  is  represented  in  the  cut*  The  basis  of  the  instrument  i^ 
sijnilar  to  Sims'^  sound.  This  is  insulated  with  varnish  up  to  withifl 
three  inches  of  the  extremity  ;  the  handle  is  of  hard  rubber,  and  is  ^ 
vided  mlh  a  hole  and  screw  for  fastening  the  connecting  wife  of  th« 
apparatus^  and  a  button  connected  with  a  spring,  by  means  of  which  tl»e 
connection  of  the  current  can  be  made  or  broken  at  pleasure.  Tb« 
manifest  advantages  of  the  interrupter,  which  is  similar  to  that  of  tt^e 
universal  electrode  holder  (Fig.  no),  is  that  it  dispenses  with  the 
necessity  of  waiting  until  the  instrument  is  in  sUu  before  connecting 
it  with  the  apparatus,  and  that  it  makes  it  convenient  to  give  ia|iid 
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drawing  them  in,  they  close  as  Li  Fig.  113.  The  instrument,  which  is  the 
same  in  principle  as  the  doui^ie  vesical  eiectrade^  is  introduced  whik 
closed,  as  in  Fig.  113,  and  opened  so  as  to  clasp  the  neck  of  the  utenifl^ 
One  of  the  insulated  wires  is  connected  with  the  positive  and  the  olhci 
with  the  negative  electrode.  Hy  this  means  the  current  is  very  closeJy 
localised  in  the  neck  of  the  uterus. 

Concerning  these  internal  applications 
of  electricity  to  the  uterus^  it  may  be  re- 
marked * — 

First — That  in  those  cases  where  lo- 
cal  treatment  is  indicated,  applications 
to  the  cervix  or  tn  the  uterus  are  ire- 
q\iently  much  more  efticacious  than  ex- 
ternal applications,  even  with  the  strong- 
est currents.  For  this  reason  it  is  ne- 
cessary, even  with  virgins,  to  insist  on 
internal  treatment,  especially  after  ex- 
ternal treatment  has  failed.  The  uterine 
electrode  (Fig.  109)  can  usually  be  intfO- 
duced  into  the  vagina  as  readily  as  the 
finger.  The  intrauterine  electrode  cati- 
not  well  be  introduced  without  the  aid 
of  a  speculum. 

The  other  pole  may  be  applied  to  the  back  or  abdomen  by  means  of 
a  flat  metallic  surface  or  plate  covered  with  moistened  sponge. 

Secondly — Internal  electrization  is  not  so  painful  as  external.  Power- 
ful currents  can  be  borne  at  the  cervix  and  in  the  uterus  for  a  long  time 
without  inconvenience*  Patients  usually  complain  more  of  the  pain 
beneath  the  electrode  w^hich  is  applied  on  the  back  or  abdomen,  even 
when  the  negative,  which  is  the  stronger  and  more  painful,  is  applied 
internally, 

Tripier,*  who  has  carefully  studied  the  subject  of  localized  faradizatioii 
of  the  uterus,  is  accustomed  to  place  one  pole  in  the  bladder  by  means 
of  a  vesical  insulated  electrode,  or  in  the  rectum  by  a  rectal  electrode. 
In  some  cases  he  connects  one  of  the  poles  with  a  bifurcated  elec- 
trode, a  branch  of  which  is  placed  on  each  iliac  region,  while  the  nega- 
tive pole  is  connected  with  an  insulated  rectal  electrode  in  the  rectunu 
Fourthly — Either  current  may  be  used.     The  galvanic  as  w*ell  as  the 
furadic  current  may  be  localized  in  the  uterus,  and  sometimes  it  is  much 
more  effective.     The  danger  that  the  chemical  action  of  the  galvanic 
*  Annales  de  PElecr^-o-Tli^apie,  1S63,  pw  105  et  Uf^ 
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current  will  injure  the  lining  membrane  of  the  uterus  is  but  slight,  pio 
vided  too  strong  currents  are  not  used,  or  the  pole  is  not  allowed  to 
rest  a  long  time  without  breaking  the  circuit, 

in  all  these  mellwds  of  application  either  direction  of  the  current  may 
be  used.  (See  p*  244.)  In  the  treatment  of  uterine  congestion  and 
engorgement,  the  positive  pole  is  slightly  preferable  to  the  negative 
pole,  for  the  reason  that  it  has  a  more  powerful  contracting  influence  on 
involuntary  muscular  tibres. 

The  vagina  maybe  treated  by  a  metallic  vaginal  electrode  (Fig.  114), 
with  which  either  the  positive  or  negative  pole  may  be  connected.  Thia 
is  useful  in  vaginal  Uucorrhoea  and  prolapsus. 

For  these  local  applications  either  the  galvanic  or  faradic  currents 
may  be  used ;  but  the  faradic  is  usually  preferable^  because  in  the 
majority  of  cases  for  which  electricity  is  applied  to  the  female  sexual 
organs,  mechanical  more  than  chemical  effects  are  indicated.  Especially 
is  this  the  case  in  amenorrhoea.  Furthermore,  the  currents  may  be  sta* 
ble  or  labile,  uniform  or  increasing,  according  to  the  indica- 
tions. Local  applications  to  the  uterus,  whether  external  or 
internal,  may  be  continued  for  from  five  to  fifteen  minutes. 
Several  methods  may  be  tried  at  each  sitting. 

General  and  Central  Treatment,^^m  very  many,  per- 
haps the  majority  of  cases  of  functional  disease  of  these  or- 
gans, require  general  as  well  as  localized  electrization. 
There  is  no  department  in  which  so  many  mistakes  liave 
been  made  by  too  exclusively  local  treatment  as  in  that  of 
gynaecology.  N'a  case  of  functional  disturbance  of  the  uterus 
shcmld  he  abandoned  by  t/ie  electro-therapeutist  until  he  has 
faithfully  tried  general  as  well  as  external  and  internal 
hcalized  electrisation.  To  treat  symptoms  of  central 
or  constitutional  disturbance  by  merely  local  electrisation 
is  illogical  in  theory  and  unsatisfactory  in  practice.  All 
the  organs  of  generation  in  woman  as  well  as  in  man 
can  be  affected  by  galvanization  or  even  faradization  along 
the  spine*  A  strong  evidence  of  the  beneficial  results  of 
general  faradization  in  these  cases  is  the  fact  that  patients 
undergoing  treatment  frequently  remark  that  their  menses 
are  in  some  way  affected.  In  some  cases  they  are  brought 
on  before  their  time,  in  others  much  increased  in  quantity.  So  fre- 
quentiy  does  this  happen  that  we  prefer  on  the  whole  to  suspend  the 
treatment  during  the  menstrual  periods  in  those  cases  where  no  thera- 
peutical effect  is  desired  on  the  sexual  organs. 


Fig,  H4, 

Vaginal 
Electrode 
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The  time  of  making  the  applications  is  not  imiinportant*  It  is  ai: 
advantage,  in  amenorrhoea  at  least,  to  concentrate  as  many  ap[))icationi 
as  possible  during  the  few  days  that  precede  the  appearance  of  the 
menses.  And  yet  the  advantage  of  this  is  hardJy  as  great  as  has  been 
supposed.  The  great  thing  in  all  but  recent  and  temporary  cases  is  to 
remove  the  anaemia  or  chlorosis,  or  nervous  exhaustion  with  which  the 
menstrual  disorder  is  associated,  and  of  which  it  is  a  prominent  factor. 
Another  suggestive  consideration  is  that  the  menstrual  flow  may  be 
brought  on  or  increased  through  reflex  action  by  localised  electrization 
of  other  and  distant  portions  of  the  body,  as  the  hands,  feet,  chest,  etc 

Statical  Eiedricity  (Franklinization)  has  been  used  for  amenorrhoea, 
and  with  varying  results.  The  very  successful  results  of  Dr.  Golding 
Bird,  in  Guy's  Hospital,  have  been  indefinitely  quoted,  but  have  not 
been  yet  repeated  to  an  extent  sufficient  to  show  that  this  form  of  clco 
tricity  is  superior  to  galvanization  or  faradization  in  the  treatment  of 
this  affection.  Others,  however,  as  Holsbeck,  Bitterlin,  Taylor,  Her 
vieux,  and  Graves,  have  reported  cures  by  this  method,* 

Prognosis  in  the  Symptoms  of  Amenorrhma^  etc, — Whatever  method 
is  used,  time  is  required  to  insure  results.  While  it  is  tnie  that  I 
single  application,  especially  iBternal,  may  bring  on  the  menses*— 
may  even  cause  the  blood  to  appear  during  the  sitting, — yet  in  lh« 
majority  of  instances  treatment  must  be  more  or  less  protracted  in 
order  to  insure  permanent  relief  The  very  general  impression  that 
the  object  of  electrization  of  the  functionally  diseased  utems  is  merely 
to  stimulate  the  organ  to  its  duty,  is  a  great  mistake.  Electrixation 
cures  these  diseases  as  much  by  its  permanently  tonic  effects  on  the 
system,  as  by  its  temporarily  stimulating  effects  on  the  organs  them- 
selves. 

In  nervous  dysmenorrhcea  the  prognosis  is  more  uniformly  good 
than  in  amenorrhoea.  In  amenorrhoea  the  results,  though  often  brilliant, 
are  quite  capricious,  some  cases  jnelding  at  once,  others  only  aflcr 
long  treatment,  and  others  not  at  all.  In  these  remarks  on  prognosis 
it  is  assumed  that  no  severe  pathological  state  is  the  cause  of  the  syni[K 
torn  3. 


( 


Amen&rrkaa  associated  with  Anrnmia-^Recofvery  under  general  far odimaHom, 

Case  GXVIII. — Misi> ,  aged  20,  was  suffering  from  a  condition  of  excesnvf 

debility  and  an.'emia.  She  was  hysterical  to  the  last  degree,  and  it  was  with  the 
greatest  di faculty  that  she  could  be  persuaded  to  submit  to  clectrixation,  Tl>eif 
lymptoms  had  annoyed  her  for  ab'Otit  six  months,  during  which  tune  the  mcnstnui] 
Bow  had  decreased  in  cjuantiiy  and  had  become  irregular  until,  tome  two 

•  Meyer,  op.  cit.,p.  451. 
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before  we  mw  her,  it  bad  altogether  ceased*  She  was  at  once  submiHed  to  genf;ra] 
raradization,  and,  olchough  an  exceedingly  mild  current  was  used,  excessive  faintnesi 
was  produced,  which  lasted  nearly  twenty  minutes.  Subsequent  applications  were 
tx>me  much  more  kindly,  although  the  strength  of  the  current  was  decidedly  increased. 
Her  menses  returned  after  the  eighth  application,  and  during  the  treaimenl,  which 
was  continued  for  six  weeks,  the  color  returned  to  her  checks,  her  step  became  firm 
and  strong,  her  hysterical  condition  was  entirely  corrected,  and  at  the  very  least  it 
may  be  said  that  she  was  approximately  restored  to  her  usual  health. 

Amen^rrkmt  of  /imryMrs*  sianding^  assoiiaitd  with  tUght  an&tarm  and  mar  kid 
abtsity^Memis  rtsiored  and  other  sym^imts  rtUfvtd  by  gtntral  and  iocalizid  €je* 
iemai  faraditaiiam. 

Case  CXrX.— Miss  11,,  25  years  old,  was  directed  to  us  by  Dr,  T.  Cock,  of  New 
York. 

For  foux  years  the  patient  had  menstruated  sometimes  three  times,  sometimes  b«t 
twice  a  year.  She  had  increased  enormously  in  size,  her  weight  being  iSo  pounds^ 
ax)d  there  was  some  effusion  of  the  legs  and  feet,  as  manifested  by  the  indentationf 
remaining  after  pressure  with  the  finger.  The  patient  was  very  plethoric,  and  suf- 
fered mudi  from  fulness  and  oppression  about  the  head.  It  Is  proper  to  remark  that 
Dr.  Cock,  before  sutimitiing  the  case  to  electrlmtion  at  our  hands,  had  for  som^ 
time  faithfully  made  use  of  the  internal  remedies  that  seemed  most  suited  to  it.  The 
patient  was  annoyed  by  cold  feet  and  hands  and  by  sudden  flushes  of  heat.  As  \n 
our  experience  general  faradization  has  been  more  successful  in  equalling  the  circula* 
tion  than  any  other  form  of  electrization^  we  determined  to  employ  this  method.  In 
this  as  in  the  former  case»  extreme  susceptibility  to  the  current  was  manifested,  but 
depending  more  on  an  excited  mental  condition  than  on  any  real  sensittvenefs  of  the 
nervous  system. 

The  patient  was  under  treatment  from  March  20,  1871,  to  May  25,  1871,  and 
received  twenty  applications.  A  part  of  the  time  external  localized  faradization 
was  employed.  After  the  fifth  stance  the  courses  appeared  and  lasted  two 
days.  At  the  proper  time  during  the  course  of  treatment  they  reap|>eared  and 
lasted  some  four  days.  The  patient  presented  her&elf  a  few  months  after  the  cessation 
of  the  s^nces,  and  reported  that  not  only  the  menstrual  function  continued  to  act 
regularly*  but  that  she  remained  permanently  better  in  every  respect.  The  tendency 
to  flushes  of  heat  disappearetl  after  the  first  menslrufttion,  her  extremities  became 
warmer,  and  after  the  second  menstruation  she  was  entirely  relieved  of  the  watery 
cflusion  in  the  legs  and  feet. 

An  interesting  but  not  altogether  unusual  result  of  the  treatment  was  a  marked 
decrease  in  flesh.  During  the  administration  of  the  first  ten  applications  she  lost 
some  twenty  pounds,  and  afler  the  stances  were  discontinued  she  submitted  to  the 
Banting  system,  and  was  rewarded  by  a  still  further  decrease  in  weight* 


AmatffrrAaa  of  t  year's  standings  associated  rvith  vertigo  and  debility — Recowrf 
under  general  faraditation^ 

Cask  CXX. — Miss  £.  S.,  a  school*gir1  aged  iS,  was  suffering  from  suppression  that 
I  IikI  existed  a  year.  The  resulting  symptoms  were  periodical  attacks  of  distressing  vertigo, 
i  pnd  a  condition  of  nervous  exhaustion  that  unfitted  her  for  the  slightest  mental  or  phy» 
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ical  exertion.  The  faradic  oirrent  was  alone  used,  and,  as  in  thetMro  preceding  ztaa, 
the  applications  were  partly  general  The  menses  reappeared  after  the  twelfth  sl^ancc, 
resulting  in  approximate  relief  of  the  vertigo  and  a  decided  increase  of  nervous  strength, 
Ai  the  present  time,  two  years  since  the  function  was  restored,  sheconiimies  r^ulaiT^ 

Jmtnifrrkaea  associated  with  kysterUt^^S^asm&die  c^fttracHons  (tf  ihi  mtisehi  ten- 
troiling  deglutition — Rt€imtry  follows  two  applications  of  internal  faradisation 
after  failure  of  general  faradization* 

Casi  CXXI.— Mrs.  H.,  aged  35,  a  patient  of  Dr,  C.  P,  Tucker,  of  NewYod^bid 

for  several  years  snffered  excessively  from  a  fonn  of  nervous  prostration,  partly  hys* 
terical  in  character,  and  which  seemed  in  a  measure  to  depend  on  an  almost  complete 
deafness  which  occurred  suddenly  after  a  season  of  excitement  while  she  was  yet  la 
invalid  from  confinement.  General  faradization  had,  during  the  culy  part  of  t $701 
very  materially  lessened  these  symptoms,  and  she  had  remained  permanently  better. 
In  March,  iSyi^  her  metises  ceased^  resulting  in  a  return,  although  in  a  less  degree,  of 
her  old  nervi>us  symptoms.  In  October  she  began  to  be  afflicted  with  verti^  aad 
spasmodic  contractions  of  the  muscles  controlling  deglutition,  which  liitter  sytnptoia 
progressively  increased  in  severity  until  at  times  the  jaatient  could  with  di^&culty  take 
suflftcient  nourishment  to  satisfy  hunger*  We  employed  general  faradization  on  two 
or  three  occasions,  but,  becoming  satisfied  that  it  was  impossible  to  obtain  any  im» 
mediate  result  by  this  method,  we  resorted  to  internal  faradLtation,  u^ng  a  cup- 
sha|Ted  metallic  electrode,  and  thus  localized  around  the  os  a  powerful  current  of 
negative  electricity.  Ou  the  following  day  we  repealed  the  operation,  and  in  a  few 
hours  after  the  patient  was  rewarded  by  a  flow  somewhat  scanty,  and  of  a  darleer 
color  than  normal  It  was  attended  also  by  considerable  pain  in  the  uterus  and 
excessive  itching  all  along  the  course  of  the  vagina.  The  distressing  spasmodic  symp- 
toms about  the  throat  ceased  immediately  and  completely,  and  have  not  yet  shown  toy 
evidence  of  returning.  General  applications  were  continued  every  other  day  for  a 
month,  markedly  relieving  her  nervous  condition.  At  the  next  menstruation  the  flow 
was  quite  normal,  and  to  the  present  date  the  patient  continues  regulAT. 

Amenorrluta  existing  two  and  a  half  years — A  eopious  Jlow  follows  twefve  imiermai 
applications  of  the  faradic  current. 

Case  CXXIL^-Miss  E,,  aged  23,  suffered  from  cold  bands  and  feet,  and  a  feelii^ 
of  great  fulness  about  the  head,  with  vertigo,  which  symptoms  depended,  doublksv 
00  long-continued  absence  of  the  menses. 

Aside  from  the  above-men  tinned  symptoms,  her  general  health  and  strength  were  on- 
impaired.  As  general  electrization  and  galvanization  localized  externally  gave  no 
evidence  of  being  of  service,  with  the  consent,  and  in  accordance  with  the  desire,  of 
both  the  patjent  and  her  mother,  we  applied  the  current  directly  to  the  os  by  nneaoi 
of  an  exeedingly  small  ball-shaped  electrode.  Four  such  applications  repeated  at  in- 
tervals of  three  days  resulted  in  a  copioiis  flow,  lasting  forty  eight  hour*.  Greatly  to 
my  surprise,  the  associated  symptoms  yr^tt  not  relievctl  to  any  very  great  extent,  and 
as  the  patient  ceased  her  visits  before  the  time  for  the  second  return  of  the  catameoiti 
we  were  unfortunately  not  able  to  jiwige  concerning  the  ultimate  efliect*  of  ibe  treat* 
tt>cnt. 
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Am^fKfrrhmi  existing  five  months — Recovery  under  peripheral  galvannat  ion  (ixttr* 
nal)  after  failure  of faradiiaii&n. 

Case  CXXllL— Mrs.  S.,  a  widow^  aged  30,  The  patient  sudtlcnly  ceased  meii* 
Ktmating  five  months  previously,  and,  accompanying  the  cessation,  there  was  an  an« 
noying  sense  of  fulness  about  the  head  with  vertigo.  When  she  applied  for  treat- 
ment, she  stated  that  these  abnormal  symptoms  had  continued  without  abatement, 
&nd  had  rather  increased  tn  severity.  A  number  of  internal  applications  of  the  fara- 
die  current  having  been  given  without  appreciable  result,  we  locflUzed  £Ls  nearly  as 

I  possible  a  galvanic  current  from  twelve  small'Sizcd  linc-carbon  cells  through  both  ova- 
ries and  the  uterus  itself. 
The  catamenia  return©-!  twelve  hoars  after  the  second  application,  which  was  givci 
the  day  following  the  first.  Just  before  the  next  mensirual  period,  the  application 
was  repeated,  and  was  followed  by  the  usual  flow.  The  menses  appeared  the  third 
time,  preceded  by  no  application  of  electricity.  As  to  further  results,  we  are  unin- 
formed. 
Amemorrfuta  by  intervals  for  several  years — Relief  of  fup^essi&n  &y  mtra*uterini 
faradization  with  a  powerful  current  of ter  failure  of  external  applieatio$ts  to  thi 
OS  by  the  uterine  electrode. 

Cask  CXXIV.— Miss  S.,  aged  23,  was  sent  to  us  by  Dr.  Fordycc  Barker.  July  6, 
1S70.     During  all  her  menstrtial  life  she  had  been  more  or  less  irregular. 

At  various  times  she  had  been  relieved  by  faradization  of  some  kind,  and  had  found 
by  experience  that  it  was  necessary  to  use  internal  applications,  Her  general  condi* 
tlon  was  not  of  the  best,  and  suppression  always  brought  general  nervous  derange'- 
ment.  We  treated  her  at  first  by  the  uterine  electrode  (connected  with  the  negative 
pole)  against  the  os,  and  the  positive  either  on  the  abdomen  or  lumbar  region. 

This  treatment,  repeated  four  limes,  hrought  on  some  appearance  of  blood,  but 
^v  not  the  free  menstrual  flow.  One  application,  with  the  same  strength  of  current, 
^Bwith  the  intrauterine  electrode  for  about  the  same  time  (ten  minutes),  brought  on  % 
I       profuse  flow  on  the  day  following. 

In  regard  to  the  foregoing  cases,  it  is  not  to  be  understood  that  we 
present  them  as  in  any  way  typical  of  the  results  to  be  expected  in 
every  instance,  even  under  the  most  judicious  and  correct  methods  of 
electrical  treatment.  The  failures  are  sufficiently  frequent,  as  every 
one  who  has  had  much  experience  in  this  direction  will  readily  testify. 

From  among  many  unpublished  cases,  we  desire  to  transcribe  the 
following  for  the  reason  that  it  presents  points  of  interest  that  are  sel- 
dom found. 

A  remarkable  ease  of  membranous  dysmtnorrhma — Interesting  results  of  electrita- 

tioH. 

Case  CXXV, — Nfrs.  -^  aged  30,  was  sent  to  us  for  electriod  treatment  by 

)n.  John  T,  Metcalfe  and  T.  G.  Thomas,  The  patient  was  large  and  well  nour- 
hed  and  presented  every  appearance  of  one  in  vigorous  health  ;  yet  there  had  been 
[  the  past  ft  very  coasiderabie  derangement  of  her  nervous  equiHbriuBk     There  was 
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u'iually  only  slight  pain  precedinj;  the  onset  of  menstruation^  Increasing  a  VUUc  tsl 
m:tdc  its  appennvncc.  In  about  forty-eight  hours  the  distress  became  very  j;tT:at»  atid 
coniitiuei  without  abatement  for  several  days  up  to  the  cessation  of  the  catacnenta. 
Careful  e)(aminatio(i  by  Dr.  Thomas  revealed  no  mechanical  coQbtncliun,  »nd  it  wu 
suggested  that  the  probable  cause  was  a  tonk  spasmoiUc  contraction  of  ihe  o%  iita% 
re>ultinj  from  reB^x  irritability.  This  condition  of  affairs  had  been  aimo^  coa«taat 
for  seven  years,  notwithstanding  varied  methods  of  treat ment»  mad  the  propriety  of 
incising  the  cervix  had  been  seriously  considered. 

We  will  brieliy  describe  the  method  of  treatment  substantially  followed  out,  md 
then  refer  to  the  results. 

Ww'  alternate  1  the  u^  of  the  faradic  and  galvanic  currents^  admbislering  fowr  ap» 
pUc\tioiis  a  week.  External  treatment  was  alone  employed*  because  of  the  disincli- 
nation of  the  patient  to  submit  to  internal  applications.  The  farad ic  currtot  wai 
used  by  the  method  of  general  faradization — each  seance  being  ended  by  a  pmttf 
local  application. 

In  u<iing  the  g.dvanic  current,  the  firsthalf  of  a  seance  of  eight  minutes  was  devnted 
to  galvaniiatiort  of  the  whole  length  of  the  spine  by  the  labile  method,  the  opcratioa 
bein;^  concluded  by  a  local  stabile  application.  Beginning  at  each  seance  Mith  a  cur- 
rent froFTi  ten  ordiiiiry  zinc^carbon  elements  tlie  number  was  gradually  increased  l^ 
twentyfour,  and  then  as  gradually  decreased.  Treatment  was  begun  on  May  23* 
1878.  On  June  3d  the  menses  appeared,  and,  although  by  no  mejins  painless,  far  les 
distress  was  experienced  than  usual.  The  courses  ceasing,  treatment  was  cnnttnuei 
up  to  June  29th.  Their  second  appearance  was  attended  by  absolutely  no  pain  woh 
thy  of  mention. 

The  patient  now  left  the  cily  for  the  season,  and  in  due  coarse  the  memcs  ip- 
pearetl  for  the  third  time  since  the  beginning  of  treatment,  and  unattended  with  anj 
sense  of  discom flirt.  Atten  lin^  their  fourth  appearance,  however,  there  was^ery 
decided  pain,  and  on  September  tith,  on  her  return  from  the  country,  the  clcclridty 
was  resumfed.  After  a  few  application*,  of  the  galvanic  current,  pains  sopposed  W 
be  premonitory  of  menstruation,  were  felt,  an  1  ao  increased  that  Dr.  MetcAlfe  WM 
called  in,  and  found  that  the  patient  was  suffenng  from  a  miscarriage. 

Having  recovered  frc»m  this  mi  hap,  electriuity  was  again  attempted,  and  has  been 
followed  by  a  gradual  improvement  to  the  present  time  of  writing.  Since  the  eftpol* 
sion  of  the  embyro  there  has  been  more  or  lew  discharge  of  membrane  at  each  period. 
This  has  somewhat  complicated  the  case,  and  although  it  is  still  under  obienratiofti 
a  complete  recovery  seems  assured. 

Connected  with  this  case  two  important  and  interesting  questions 

arise  t 

1st.  Was  the  electrical  treatment  in  any  way  efficacious  in  r^idcrin| 
conception  possible  ?  When  it  is  considered  that  in  seven  years  preg- 
nancy had  not  occurred,  while  conception  took  place  soon  alter  ihc 
galvanic  treatment — which  had  been  so  eflfective  in  relieving  the  |niin 
and  its  probable  causation,  viz,,  spasmodic  contraction  of  the  os  uteri- 
it  is  not  diffictik  to  believe  that  its  agency  was  very  great. 

The  second  question  relates  to  the  possibiUly  of  this  miscarriage 
being  in  any  way  due  to  the  treatment.     Jn  the  first  place,  it  is  weU 
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known  to  every  electro-therapeutist  {although  the  contrary  opinion  is 
quite  prevalent)  that  it  is  exceedingly  difftcult^  and,  as  a  rule,  impossi- 
ble, to  cause  Vkxx  abortion  by  any  ordinary  external  application  of  elec- 
tricity— external  or  iuLernai.  In  this  statement,  intra-uterine  applica- 
tions are,  of  course,  not  included,  nor  those  susceptible  cases  with  a 
tendency  to  abort  upon  the  reception  of  any  strong  or  sudden  impres^ 
sion  of  mind  or  body.  VVe  have  treated  women  in  all  stages  of  preg- 
Itiancy  for  various  nervous  difficulties^  and  have  never  yet  seen  hanu 
result  To  produce  any  mechanical  or  reflex  effects  sufficient  to 
detach  the  fcetal  connection,  necessitates  a  degree  of  current  strength 
not  ordinarily  required  in  therapeutics.  Again,  the  severe  illness  of  a 
near  relative  had  taxed  our  patient  to  an  extent  sufficient  in  itself  to 
account  for  a  result  that  would  have  been  gladly  avoided. 

Chronic  Pelvic  CclluHHs.-^ln  the  sequelae  of  pelvic  cellulitis  the 
application  of  the  galvanic  current  is  often  followed  by  the  most  satis* 
factory  results.  For  the  absorption  of  old  exudations  in  other  parts  of 
the  body  this  form  of  electricity  has  long  been  known  to  be  most 
efficacious,  but  only  within  a  comparatively  recent  period  has  it  been 
tested  in  the  thickening  and  infiltration  resulting  from  intiammation  of 
the  pelvic  cellular  tissue.  The  negative  pole,  consisting  of  a  metal 
ball,  or,  in  some  cases,  better  still,  of  a  concave  metal  clasp,  is  to  be 
used  internally,  and  directly  to  the  part  aff"ected,  while  the  positive  is 
applied  externally.  If  the  metal  electrode  is  applied  without  the  inter- 
vention of  a  sponge  or  chamois  covering,  care  should  be  taken  not  to 
uie  currents  sufficiently  strong  to  produce  eschars. 

This  mishap  may  occur  even  without  the  knowledge  of  the  patient  at 
the  limej  and  in  the  beginning  it  is  safer  to  use  a  covered  electrode. 

This  treatment,  judiciously  and  persistently  carried  out,  has  resulted 
not  only  in  the  absorption  of  large  pelvic  deposits,  but  in  the  cure  of 
the  most  severe  and  obstinate  sciatica,  and  in  the  restoration  of  power 
to  paralyzed  Umbs^  In  such  cases  both  sciatica  and  paralysis  are 
caused  undoubtedly  by  pressure  of  the  exudations  upon  the  pelvic  floor, 
and  can  be  relieved  only  through  the  dissipation  of  the  morbid  products. 

ICkrami€  /fivir  i-e/fyi/tiii  producing  sciatica  and  pariial  parapUgia — AbsarpiioH  of 
ike  exudaihn  and  lompUit  recovery  under  the  gahanic  current. 
Case  CXXVI.— In  October,  1884,  Mrs,  S ,  aged  33,  came  to  me  complain- 
ing of  poor  appetite^  excessive  constipation^  dysroenorrhcea,  tnenorrlmgta,  sciatica, 
and  partial  paraplegia.  She  suflferetl  ta  addition  from  a  constant  pain  in  the  basilar 
region  and  a  burning  and  pressure  throughout  the  abdomen.  She  called  attention  also 
to  a  constant  pain  m  the  lower  portion  of  the  hpine,  while  sharp  neuralgic  attacks  in 
tbe  uterine  region  conlributed  to  make  her  life  tj^uite  wretched.    Upon  rt ntnintticm  j 
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foand  the  neck  of  ihc  atenis  crowded  somewhat  backward  and  eo  the  left  side.  Mt 
the  left  half  of  the  os  uteri  was  completely  obliterated.  The  enl*rge«J  portionvis  | 
harder  than  the  surrounding  tissue,  but  not  acutely  sensitive  to  modemte  pressing 
PreMure  along  the  base  of  the  swelling  and  posterior  to  the  os  caused  greater  piiiu 
These  objective  symptoms,  together  with  a  previous  history  of  acute  cellular  bBan* 
mation,  rendered  it  evident  that  there  was  extensive  exudation  in  the  connective  Ob- 
sue.     I  therefore  determined  to  submit  her  to  persistent  localized  galvanization. 

For  nearly  a  month  the  patient  came  everyday,  with  the  exception  of  Sundays,  ai  I 
subsequently  visited  me  about  every  other  day  for  three  months.  The  appticat]Qni| 
were  made  directly  to  the  diseased  part,  and  when  menstruation  appeared ^  some  tkretl 
weeks  after  the  inauguration  of  the  lt>cal  treatment,  the  flow  was  not  only  marhidtf  f 
less  in  quantity,  but  attended  by  a  very  considerable  decrease  of  pain. 

In  a  few  weeks  the  distress  along  the  sciatic  nerve  entirely  disappeared^  tod  ttel 
progress  toward  a  fair  degree  of  health  was  uninterrupted  until  she  was  discharged  ttl 
cured,  after  having  received  fifty-six  local  applications  of  the  galvanic  current.  Undet 
the  absf>rptive  influence  of  the  current  the  inflammatory  exudation  graflually  di»p> 
peared,  until  in  the  end  the  finger  could  be  swept  entirely  around  the  neck  at  tti 
jtmcture  with  the  body  of  the  uterus.  The  readiness  with  which  the  sciatica  di«p- 
peared  indicates  that  it  was  caused  by  the  pressure  of  tlie  parametritic  exhaustko 
upon  the  pelvic  floor. 

Mdfwrrhii^ia  cf  four  years*  duratian  due  to  fungoid  digtturAiion — Rapid  f 
under  inira-uitrine  appHcatians* 

Case  CXXVII, — Mrs.  B.,  agetl  46,  consul teil  us  in  consequence  of  severe  1 
rhage  to  which  she  was  periodically  subjected.  Five  years  prior  she  ol>ser\c« 
slight  increase  in  the  menstriul  flow.  It  l>ecamc  mcreasingly  abundant  until  in  ibc 
course  of  a  year  the  loss  of  blood  at  each  mcn'^trual  epoch  was  frightfuL  F**r  tJ*e 
first  day  or  two  only  was  the  jflow  thu*  alaniiiTi^^Iy  copious,  but  its  tmmediaie  cffetlJ 
were  to  render  her  completely  colorless  and  almost  pulseless.  The  flow  would  Jiu* 
rapidly  become  less,  but  for  two  or  three  weeks  there  was  a  very  slight  althoi^ti  eno^ 
stant  discharge  of  bright  arterial  blood.  The  courses  did  not  appear  with  Aotml 
regularity,  an  interval  of  six  weeks  to  two  months  ordinarily  occurring.  It  is  quite  , 
evident  that  tf  menstruation  had  occurred  every  four  weeks  the  patient  could  hardlf 
have  survived  for  so  long  a  time  her  repeated  depletions;  and,  as  it  was,  she  wasjiut 
enahlctl,  by  the  aid  of  a  good  appetite  and  vigorous  digestion,  to  regain  a  measure  <rf 
strength  and  color  before  the  recurrence  of  her  trouble.  We  began  treatment  la  tW 
decline  of  one  of  these  hemorrhages,  an  I  for  the  relief  of  the  persistent  insoniiBi 
resulting  from  her  anaemic  condition  and  the  pain  in  her  legs,  general  faradiatinavii 
administcretl  on  alternate  days.  It  aided  very  greatly  in  inducing  sleep  and  nXvs^ 
pain,  and  markedly  hastened  returning  strength. 

Shortly  after  these  tentative  applications  were  begun,  we  met  at  the  house  of  tbe 
patient  Dr.  W.  G.  AUing,  of  New  Haven,  Conn.,  under  whose  care  she  had  been* 
short  lime  before,  and  from  whom  she  hail  received  continued  and  judici>>us  tresl' 
ment,  both  constitutional  and  local,  hut  without  decided  relief.  Dr.  AUing's  elim- 
inations had  found  the  uterus  to  be  three  and  one<half  inches  in  depth  and  siigfctJj 
retroverted.  When  the  probe  uas  carried  into  the  cavity  at  the  first  examination,  slight 
hemorrhage  followed  its  withdrawal,  nnd  a  small  fungoid  mass  came  away.  FiU'therci* 
amination  revealed  considerable  fungoid  degeneration  of  the  mucous  membrane.  W< 
proposed  alternating  the  general  treatment  with  intra-vaginal  and  ralld  intra -ttterioetp 
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lication^  This  method  of  procedure  was  repealed  up  to  the  day  of  mciislruation— 
the  patient  in  the  mcAnwhile  having  regained,  with  for  more  than  ordmory  rapidity,  her 

otor  and  strength.  The  flow  was  considerably  more  profuse  than  normal,  but  could 
n.it  be  compared  in  severity  with  those  that  had  previously  occurred.  In  ten  days 
the  flow  ceased,  and  treatment  was  contmuerl  until  Ihe  return  of  the  catamenia,  when 
a  still  greater  improvement  was  evident.  For  three  mom  lis  tlii^  irealment  was  kept 
up,  when  the  patient  left  the  city  for  the  summer,  with  the  feeling  that  her  recovery 
was  an  assured,  if  not  an  accomplisheil  fact»    Four  years  have  since  elapsed,  but  there 

as  never  been  a  recurrence  of  tlve^^  hemorrhai^es,  anil,  moreover,  the  patient  has 
L  ever  since,  and  is  still,  m  the  enjoyment  of  robust  health. 


That  the  pathological  state  on  which  tht*  symptoms  of  titeriiie  dis- 
eases depend  have  not  been  sutliciently  considered  is  very  evident  from 
a  study  of  the  history  of  the  electro  therapeutics  of  these  diseases, 
k There  is  need  of  accurate  diagnosis,  and  especially  of  careful  nieasure- 
aent,  before,  during,  and  after  ekctrical  treatment  in  order  to  know 
Just  how  much  it  accDm|>lishes.  These  measurements  should  be  made 
by  experts  in  gynaecology.  The  future  will  show  that  very  mnch  can 
[>e  done  for  congestion,  atrophy,  and  engorgement  of  the  womb  by 
careful  localized  electrisation. 

Airophy  ctfthe  utirus — Staniy  menstfunti&n — Sterility — Intnase  in  the  tiu  of  tht 
fr^an  and  in  the  amount  of  the  menxtrmit  Jltno  under  internal  faradiiation  and 
einiral  galvamzation  and  general  farad i^a  tio  n . 

Case  CXXVIII. — Mrs,  P.,  a  young  married  lady,  was  referred  to  us  January  17^ 
tSyit  by  Df,  Fordycc  Barker,  for  the  symptom  of  sterility.  According  to  Dr.  Barker's 
iagnosis  there  was  atrophy  of  ihe  uteru^k,  and  he  was  in  the  hope  that  electrization 
might,  by  improving  the  nutrition  of  the  uterus,  perhaps  remove  the  sterility.  It  was 
supposed  also  that  there  might  he  atrophy  of  all  the  generative  organs,  since  the  men- 
ruation  was  defective,  though  regular,  and  the  |>aUent  was  withal  ijuitc  anam^c 
We  treated  the  patient  for  six  weeks  by  internal  faradization  of  the  uterus^  with  our 
intra-aterine  electrode,  through  the  speculum  ;  external  faradisation  over  the  back, 
and  the  region  of  the  ovaries;  general  faradization  and  central  galvanisation  occasion- 
ally. The  patient  came  every  other  day.   Internally  she  took  iron  and  strychnme. 

At  the  firit  menses  after  treatment  the  patient  remarked  an  increase  of  quantity^ 
and  the  counes  were  on  her  one  day  longer  than  usual  By  the  1st  of  March,  after 
six  weeks*  treatment,  Dr,  Barker  found  on  examination  that  the  uterus  had  increased 
in  length  one-quarter  of  an  inch.  The  patient  after  an  interval  was  again  treated, 
but  without  any  local  improvement, 

^ft  The  modification  of  nutrition  catised  by  electricity  may  have  two  op- 
^Bposite  effects ;  it  may  cause  increase  or  it  may  cause  diminulion  in  the 
^■stze  of  a  part  or  organ.  Where  the  part  is  abnormally  large  it  causes 
I  it  to  grow  smaller ;  where  tt  is  abnormally  small  or  atrophied,  as  in  the 
^_  above  case,  it  causes  it  to  grow  larger.     In  these  opposite  results  there 
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is  nothing  inconsistent ;  they  are  readily  explained  by  the  change  ii 
nutrition  caused  by  the  current. 

Congestion^  Enlargement s^  Displacements^  and  Atrophy  of  the  Uterus, 
— Tripicr,  Beauvain,  Seller,  I'anu,  Beau,  and  ourselves  have  treated 
cjigurgenients  and  flexions,  prolapsus  and  atrophy  of  the  uterus  by 
electricity*     Both  the  galvanic  and  faradic  currents  are  employed 

The  occasional  results  obtained  in  prolapsus  uteri  are  to  be  cxpUined 
partly  by  the  chemical  and  mechanical  effects  of  the  current  on  the 
structure  of  the  uterus,  and  partly  by  its  tonic  effects  on  the  ligaincuis 
and  vaginal  wall% 

Treatment. — In  the  treatment  of  the  various  displacements  of  the 
iiterus,  the  ajjplication  must»  of  course,  be  varied  with  the  morbid  con- 
dition. Special  rules  cannot  be  given  in  any  detail  ;  each  case  must  be 
studied  by  itself. 

According  to  Tripier,*  chrome  metritis  and  enlargeuient  of  the  uterus^ 
is  best  treated  by  applying  the  uterine  electrode  against  the  os»  tod 
connecting  the  other  pole  (bifurcated)  with  an  insulated  rectal  electrode 
in  the  rectum  and  a  sponge  electiode  over  the  alxlomen. 

Prolapsus  uteri  the  satue  author  treats  by  applying  the  uterine  elec- 
trode against  the  os  and  connecting  the  other  pole  (bifurcated)  with 
two  sponge  electrodes,  one  on  each  groin. 

For  anteversion  and  anteflexion  he  introduces  the  negative  jk>Ic  into 
the  rectum,  where  it  can  act  more  powerfully  on  the  posterior  part  of 
the  uterus,  and  the  positive  in  the  vagina. 

For  retroversion  and  retroflexion  he  apjilies  the  positive  jjolc  in  the 
bladder  or  over  the  abdomen,  while  the  negative  is  applied  to  tlie  os, 
by  the  uterine  electrode,  an  air  pessary  having  first  been  put  into  the 
rectum  to  elevate  the  fundus. 

By  properly  insulating  the  electrode,  the  current — faradic  or  gal- 
vanic— can  be  localized  in  any  restricted  portion  of  the  uterine  canal* 

The  treatment  may  be  regarded  as  an  important  atljuvanl  in  all  re- 
bellious cases  of  engorgement  and  atrophy  of  the  uterus  or  of  its  ap- 
pendages, and  of  uterine  disiilacement,  and  especially  of  those  that  aft 
associated  with  general  debility.  The  contracting  influence  of  the  clec* 
trical  currents  over  involuntary  muscle  is  a  strong  physiological  argu- 
ment in  favor  of  the  use  of  this  remedy  in  uterine  engorgement  (see 
chapter  on  Involuntary  Muscles  in  Electro  Physiology). 

Tripierf  details  thirty  cases  of  various  phases  and  complications  ol 
uterine  disease  treated  by  localized  faradization. 

•  Ldc.  cit.,  p.  3S  et  seq. 

f  Amules  de  rElectro-Ttidrapic,  p.  20a  ct  ieq. 
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Of  anteflexion  and  anteversion^  four  cases  recovered,  two  were  im- 
-^roved»  and  in  one  case  no  result  was  obtained. 

Of  retroversion  and  retroflexion^  one  case  recovered,  one  was  im- 
proved, and  in  one  case  there  was  no  result. 

Of  engorgement,  two  cases  recovered. 

Trtpter  further  observed  very  marked  effects  on  the  general  system, 
and  severe  symptoms  of  hysteria^  neuralgia,  and  nervousness  were 
greatly  ameliorated.  If  general  faradization  and  central  galvanization 
had  been  employed,  these  constitutional  effects  would  have  been  mtich 
more  marked. 


'^lapsus  uteri — Leutorrheea  and  mencrrkagia — Lots  of  tone  in  vaginal  xoalls^' 

Recovery  under  /aradisattQn  of  uterus  and  general  faradixad^n. 
Ca.se  OCX IX. — MissT.t  an  unmarried  lady,  aged  30,  applied  for  treatment  for  fall- 
ing of  the  womb  of  the  second  degree,  from  which  she  has  sufTered  for  nearly  six  months. 
Previous  to  the  first  symptom**  of  prolapsus,  persistent  leucorrhcca  had  annoyed  her 
for  some  time,  and  had  continued  up  to  the  day  she  came  to  ua^  She  coraploincd 
also  of  some  mcnorrhagia.  These  condition'?,  however,  were  evidently  associated  with 
no  organic  uterine  disease  ;  but  her  general  health  was  quite  feeble.  If  it  were  a  case 
for  electricity  at  all,  it  was  plain  that  she  needed  its  tonic  influence.  We  commenced, 
1  therefore,  with  mild  general  applications,  increasing  the  strength  of  the  current  at 
^Haach  visit  as  she  was  able  to  hear.  At  each  sitting,  also,  the  electrode  was  applied 
^Blor  a  few  minutes  against  the  os  and  the  vagina.  The  benc5cial  re&ults  of  this  course 
I  of  treatment  were  soon  observable.  Her  appetite,  which  had  been  capricious,  liecame 
I  more  rational^  and  her  strength  increased  with  marked  rapidity.  The  vaginal  walls 
seemed  to  gain  tone  day  by  day,  until  after  the  sixth  appltcation  the  uterus  was  re- 
stored to  its  normal  position. 

Irritation  and  Congestion  of  the  Ovaries* — Irritation  and  neuralgia 
of  the  ovaries  accompanying  hysteria  are  treated  electrically  with  advan- 
tagc.  Congestion  of  the  ovaries  is  also  similarly  treated  with  excel- 
lent result — at  least  for  the  relief  of  the  syiiii>toms. 

Intra- Uterine  Galvanic  Pessaries. — The  attention  of  the  professioa 
was  called  to  the  use  of  galvanic  intra-uterine  pessaries 
by  Sir  J.  Y.  Simpson.  The  instrument  which  he  em- 
ployed was  composed  of  a  piece  of  zinc  and  a  piece  of 
copper  fastened  together  into  a  shape  and  size  suitable 
for  entrance  into  the  uterine  cavity. 

As   thus   constructed   the   instrument   was   stiff  and 
unyielding,  and  was  not  adapted  for  the  various  states    juj^^, uterine 
of  uterine  flexion.     This  form  of  pessary  Prof  T.   G,  Galvanic  Pcssa- 
Thomas  *  has  greatly  modified  by  substituting  for  the  ^' 

single  pieces  alternate  beads  of  zinc  and  copper,  which  are  arranged 

•  A  Practical  Treatbc  oa  the  Diseases  of  Women.     Second  edition,  p.  500. 
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on  flexible  wire  inserted  in  a  rubber  bulb  {Fig.  1 15).  This  instrtimfflf' 
we  will  still  further  improve  by  insulating  the  wire  on  which  the  beadi 
of  zinc  and  copper  are  struog*  except  at  the  extremities^  where  it  makes 
metallic  connection  at  one  end  with  the  zinc,  and  at  the  other  with  llic 
copper  bead,  thus  forming  a  miniature  voltaic  pile,  with  a  completed 
circuit. 

When  this  contrivance  is  closely  embraced  by  the  lining  membrane 
of  the  uterus,  and  thoroughly  moistened  by  the  uterine  fluids,  a  feeble 
current  is  unquestionably  generated* 

When^  therefore,  such  a  galvanic  pessary  is  in  situ  it  is  probable 
that  the  very  feeble  current,  as  it  passes  through  the  metallic  bcatUfl 
may  traverse,  to  a  limited  extent,  the  folds  of  the  lining  membrane  of 
the  uterus,  which  presses  between  them. 

The  question  whether  the  very  slight  current  thus  produced,  com- 
bined with  the  necessary  mechanical  effect  of  the  metals  in  such  case^ 
is  capable  of  important  therapeutic  results,  can  only  be  answered  by 
extended  experience  and  discrinrinating  observation.* 

Dr  Thomas  assures  us  that  in  amenorrhcea  positive  therapeutical 
results  have  been  obtained  by  the  use  of  this  pessary  ;  but  is  unable  to 
say  whether  the  results  are  due  to  the  mechanical  effect  of  the  me  til* 
or  to  the  action  of  the  current. 

Dr.  Peaslee  also  has  seen  favorable  results  from  the  use  of  the  safi**^ 
pessary. 

The  question  whether  the  therapeutical  effects  are  due  to  the  prcs 
ure  of  the  foreign  body  or  to  the  action  of  the  current  might  be  seltl^^** 
by  substituting  glass  beads  for  the  metals. 

Dr.  Murray,  quoted  by  Althaus,f  has  used  Simpson's  intra-uteri*^^ 
galvanic  pessary  with  success  in  cases  of  sub-involution  of  the  uterU*  ^^ 
where  the  os  is  open,  the  lips  thickened,  and  the  whole  organ  flabt^^ 
with  excess  of  menstruation  and  disagreeable  discharge.  In  one  mark  ^^^ 
case  a  fortnight's  use  of  this  instrunrcnt  reduced  a  flabby  utcnis  •'  nea 
to  its  normal  and  healthy  condition/' 

An  important  practical  difficulty  in  using  these  pessaries  is  that  tJ»'< 
will  not  always  remain  in  position.    To  meet  this  difficulty  springs  ha^'^" 
been  attached  to  the  handle  which  fall  against  the  walls  of  I  he  vagir*-^ 
and  thus  keep  the  pessary  from  slipping  out, 

*  The  while  caaguk  that  are  observed  after  this  application  of  this  pesnuy  ^^^ 
caused  by  the  chemical  action  of  the  cttrrcnt  on  the  intra-uterinc  Huida, 
f  Op.  cit.,  p.  631. 
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Tat  diseases  of  children  in  which  electricity  has  been  found  of  scr- 
rice  are  the  following  i-^ 

Chorea,  Marasmus  and  General  Debility, 

Whooping-Cough,  Incontinence  of  Urine, 

Cholera  Infaolum,  Vomiting, 

Laryngismus  Stridulus,*  Infantile  Paralysis. 

Tnaiment, — Chorea  has  been  siiccessfidly  treated  by  a  variety  of 
methods  of  electrization — by  frictional  electricity,  peripheral  faradiza- 
tion,! and  galvanization  of  the  spine,|  and  in  our  hands  general  faradi- 
sation and  central  galvanization.  Successful  results  have  been  gained 
by  all  these  methods.  We  have  found  general  faradization  and  central 
galvanization  alone  so  successful  in  cases  of  general  chorea,  that  we 
have  but  rarely  had  occasion  to  experiment  with  other  methods* 

Our  success  with  general  faradization  in  chorea  is  probably  to  be 
accounted  for  partly  by  the  muscular  exercise  that  is  derived  from  this 
method  of  treatment,  as  well  as  by  the  tonic  action  of  the  current  on 
the  nervous  system.  Choreic  patients  do  not  usually  bear  strong  cen- 
tral galvanization  or  protracted  sittings  ;  the  milder  iofiwence  of  the 
faradic  current  is  preferable  to  the  galvanic,  unless  the  latter  is  used 
with  considerable  caution.  Benedikt  claims  to  have  been  uniformly 
successful  in  more  than  twenty  cases  of  chorea  by  galvanization  of  the 
spine*  He  used,  however,  but  a  small  number  of  elements,  and  the 
length  of  the  sittings  was  not  more  than  one  and  a  half  minutes.  Othei 
observers  have  not  been  so  sticcessfwl  with  this  method.  Meyer  reports 
unsatisfactory  results  with  galvanization  of  the  spine  in  two  or  three 
cases.  §  It  is  probable  that  the  success  of  Benedikt  with  galvanization 
of  the  spine  was  ^m^  to  the  very  great  caution  which  he  exercised  in 
regard  to  the  strength  of  the  current  and  the  length  of  the  sittings,  as 


*  This  affection  is  considered  under  Diseases  of  the  Larynx. 
\  Dochmne  and  B^cr^ucrel.  %  Benedikt  §  Op.  dt,,  p,  364. 
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he  himself  declares  that  the  symptoms  were  aggravated  if  the  numbci 
of  elements  were  much  increased.  For  hemi-chorea  Benedikt  recom* 
mends  galvanization  of  the  head.  We  prefer  for  all  cases  of  chorea 
general  faradization,  occasionally  varied  by  central  galvanization,  with 
very  mild  currents,  and  believe  tiiat  this  method  of  treatment  faithfulW 
used  will  do  all  that  can  be  done  for  this  disease  through  electricity. 

Prognosis. — In  regard  to  the  prognosis  of  diorea  under  electrical 
treatment  there  has  been  considerable  skepticism,  even  among  those 
who  are  friendly  to  electrotherapeutics*  This  skepticism  has  been  due 
to  the  fact  that  the  majority  of  cases  of  chorea  recover  spontaneously 
in  time,  and  because  their  improvement  under  electricity  is,  in  some 
cases,  quite  slow. 

Aside  from  the  welUknown  fact  that  many  cases  recover  spontaneously 
in  the  course  of  a  few  weeks  or  months,  direct  and  posidve  results  of 
treatment  can  be  appreciated  in  this  disease  more  uniformly  than  in  any 
other  spastic  condition.  Cases  of  failure  after  protracted  treatment  by 
electricity  are  exceptional.  The  worst  cases,  when  recent^  sometimes 
seem  to  yield  better  than  those  which  arc  comparatively  mild. 

Partial  chorea,  affecting  the  eyelid,  the  muscles  of  the  neck,  or  a  sin- 
gle limb,  or  group  of  muscles,  is  more  obstinate  than  a  much  worse 
form  of  general  chorea.  The  explanation  of  this  inconsistency  is  that 
patients  affected  with  partial  chorea  are  apt  to  delay  weeks,  monthsi 
and  years  before  taking  treatments  Recent  cases  we  have  found  to 
yield  almost  uniformly.  All  long-standing  choreic  cases  need  to  he 
treated  perseveringly — from  one  to  several  months  being  usually  neces- 
sary to  complete  a  cure.  In  some  cases  no  apparent  improvement 
takes  place  at  the  outset  of  electrical  treatment,  and  the  friends  of  the 
patient  become  discouraged  ;  but  if  the  treatment  be  continued,  a  per- 
manent cure  may  be  obtained.  Symptomatic  chorea— <3epen dent  on 
cerebral  or  cerebellar  disease— offers  an  unfavorable  prognosis. 

Central  thorea^  with  inability  of  th£  patient  to  walk^  feed  himsel/t  or  distintffy 
speak — Recovery  under  central  galvanitation^  after  the  faitttrt  ef  general  fars- 
ditation  and  medication. 

Case  CXXX, — Master  S.,  a  little  bay  a?>ovit  ten  years  old,  came  to  m  ihny^b 
Dr.  J.  O.  Farrington. 

TKe  patient  hjuJ  for  some  time  sufiTcred  from  genera!  chorea  of  a  decided  character, 
but  during  the  last  few  weeks  it  had  so  increased  in  severity  that  he  was  tmable  to 
walk,  or  even  feed  himself*  All  his  exlrcmkies  as  well  as  the  face  were  in  constant 
motion ;  his  utterance  was  indislincl,  and  in  weight  he  bad  decreased  very  mndi. 
There  wa?  no  hereditary  tendency  of  this  character  in  the  family,  and  the  only  catut 
to  which  the  symptom«i  could  plausibly  be  attributed  was  a  fall  from  a  horse^  whidl 
•everely  jarred  him»  »>me  weeki  before  the  disease  manifested  ilsell 


A 

4 


I 


CASES  OF  CHOREA. 


547 


The  treatment  was  vaiiett  Fowler'*  solutton  and  certain  other  remedies  whicli  wt 
do  not  now  recall,  bad  been  faithfully  tried,  but  without  ocDcfil,  We  begin  wilb 
mild  general  faradUation^  but,  as  the  results  did  not  accord  with  our  expeclations,  we 
abandoned  it  and  essayed  very  gentle  central  galvanization. 

•  Daring  ihe  first  week  of  this  treatment  no  appreciable  benefit  seemed  to  be  derived, 
except  an  tmprovetnent  in  sleep. 

Soon  after  this,  however,  the  effect  observed  was  decided.  His  appetite  became 
better,  resulting  natural ly  in  increased  weight ;  co-ordinaCion  of  movement  rapidly 
became  possible,  the  utterance  distinct,  and  in  a  few  weeks  recovery  vv-as  coinplete. 

■  Treatment  was  discontinnefl  in  February,  1S71,  and  to  thi^s  date  there  has  been  no 
evidence  of  a  return  of  the  disease, 

Cktfrea  often  montfu*  itamiing,  of  the  left  side  and  right  arm,  in  a  girl  of  eleven-^ 
Recffutry  in  tin  weeks  under  cetUral  galvanitation^ 
Case  CXXXI.— M.  R.,  a  little  girl,  aged  eleveiv,  was  directed  to  us  by  Dr,  H,  H. 

»  Gregory,  of  Harlem.  Some  ten  months  before,  the  mother  first  observed  slight  con- 
vulsive twilchings  of  the  left  hand,  which  gradually  tncreasetl  in  severity  until  In  a  few 
weeks  the  member  was  ^juite  useless.  In  two  or  three  monllis  the  left  leg  became 
choreic,  and  soon  after  the  disorder  extended  to  the  right  arm.  It  was  one  of  those 
cases  which  obstinately  re&ist  ordinary  internal  medication,  and  was  hence  considered 
A  fair  opportunity  to  test  the  virtnes  of  central  galvanization.  The  treatment  was 
given  every  other  day,  but  for  three  weeks  no  apparent  impression  was  made  upon 
the  disease. 

Baring  the  fourth  week  the  ^mptoms  somewhat  abated,  and  from  this  time  forth 
the  improvement  was  uninterrupted,  until,  in  ten  weeks  from  the  beginning  of  the 
treatment,  recovery  was  perfect. 

Choreic  distvrhanee  of  the  head  of  five  months'  duration^Rte&very  under  test  than 

•  twelve  applications  of  getural  faraditatimt, 

Cass  CXXXIL — Minnie  V.,  aged  8  years,  had  been  affected  for  five  months  with 
ieverc  and  almost  constant  nervous  t  witchings  of  t  he  head .  They  were  evidently  choreic 
in  character,  occurred  without  the  consciousness  of  the  child,  and  during  sleep  were  en- 
tirely wanting.  The  patient  was  somewhat  depressed  in  health  and  decidedly  anaemic, 
and  we  therefore  submitted  licr  to  gen  em  I  faradi/ation.  Under  the  influence  of  lesi 
than  a  dozen  applications  she  gained  in  aj>|>ctite  and  strength.  The  choreic  disturb- 
ance became  decidedly  less  marked,  and  after  the  oessation  of  the  treatmentp  for  the 
piorpose  of  allowing  the  secondary  effects  to  be  manifested,  it  was  not  more  than  tea 
days  before  recovery  was  complete. 

Chorea  of  a  yearns  duration— Improvement  during  treatment ^  and  rapid  mtnterf 

■  after  its  cessation. 

CaskCXXXIIT.— A  little  boy  ofa  delicate  organization  was  sent  to  us  by  Dr.  Geo* 
Peters.  The  child  had  been  affected  with  general  choreic  movements  of  a  decided 
*  hough  not  severe  character  for  a  little  more  than  a  year  The  mcchanicai  effects  of 
the  faradic  current  seeming  to  disagree  with  the  patient,  we  submitted  him  to  mild 
Stances  of  central  galvanijtatlon.  Some  fifteen  applications  were  administered  during 
the  month  which  resulted  in  some  improvement.  At  this  stage  the  treatment  wai 
nccesBuily  interrupted,  but  the  improvement  continued,  and  b  a  few  weeks  tht 
recovery  was  quite  complete. 
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In  eot  a  few  cases  of  chorea  the  beneficial  effects  of  electrical  tretl 
ment  became  manifest — as  in  the  above — after  cessation  of  the  applica 
dons. 


S^vfTi  cAarm  in  a  girl  seven  years  of  agt — Less  than  usual  semsitivemss  0m  iki  keak 
^Recovery  under  ten  general  far adUations, 
Cask  CXXXIV.— L.  J*,  a  girl  seven  years  of  age,  was  brought  for  treatment  by 

generaJ  elect rlzat ion  in  September,  186S.  She  was  pale  and  slender,  but  quite  toll  for 
her  age.  For  eighteen  months  her  growth  had  been  remarkably  rapid,  tud 
to  ihis  fact  the  mother  was  inclined  to  attribute  the  disease.  The  parents  %trA 
noticed  some  twitching  of  the  left  hand  in  the  fall  of  1866,  but  did  not  at  the  time 
give  it  particular  attention.  The  choreic  symptoms  rapidly  increased  to  such  an  ex* 
lent,  however,  that  they  became  alarmed,  and  applied  for  medical  treat  men  L  B«t 
in  jtpite  of  persistent  internal  metHcation,  the  want  of  power  to  co-ordinate  her  nioife< 
ments  grew  more  marked,  and  the  symptoms  extended  to  her  limbs  and  organs  of 
speech.  At  the  time  that  the  patient  came  under  our  notice  the  choreic  movemcnii 
were  quite  violent.  The  left  side  was  considerably  more  affected  than  the  H^t«  uid 
her  articulaiion  was  50  indistinct  that  it  was  impossible  for  a  stranger  to  und^itittl 
what  she  said.  We  found  nodlfticuity  in  inducing  the  child  to  submit  to  the  treat' 
ment,  but  the  involuntary  agilaCton  of  the  legs  was  so  great  that  it  was  found  neoes^ 
■ary  to  hold  the  feet  upon  the  plate  to  which  the  negative  pole  was  attached. 

The  current  was  very  sensitively  felt  over  the  stomach,  but  not  over  any  other 
portion  of  the  body.  It  may  be  remarked,  however,  that  over  the  bead  coold  bt 
borne  without  discomfort  a  current  much  more  intense  than  ts  the  case  in  the  nonuat 
condition. 

The  first  and  second  applications  resulted  in  no  appreciable  cliange  in  her  symp- 
toms; but  at  the  fourth  visit,  about  ten  days  after  the  first,  a  perceptible  improre- 
meet  was  noticed.  As  is  usuaHy  the  case  when  a  favorabJe  result  follows  any 
method  of  treatment,  the  diminution  of  the  choreic  movement  vi^ first  mam/esied in 
ike  lower  limbs.     Tlic  progress  towards  recovery  was  y^y  rapid. 

At  the  fifth  visit  she  could  retain  her  feet  upon  the  plate  by  her  own  unaided  efibtti^ 
while  the  application  was  being  made.  This  improvement  had  also  extended  to  the 
arms  and  face,  and  the  tenth  application,  administered  about  a  month  after  the  first, 
di.seipated  every  choreic  symptom.  There  was  one  peculiar  and  well- marked  feataire« 
which  we  observed  in  this  as  wdl  as  in  several  other  casesw  We  refer  to  the  in- 
tensity of  the  current  used  when  applications  were  made  to  the  head.  As  the  disease 
advanced  toward  recovery,  such  applications  became  more  and  more  painful^  so  that 
it  was  necessary  to  gradually  decrease  their  power. 


4 


Ckana  a/  face  and  arms  in  a  lad  twelve  years  ff/age,  dependent  9m  mestia/  imjtm^ 
eticts — Recovery  under  htalited faraditathn* 
Case  CXXXV.-In  December,  i866^  a  lady  brought  to  us  a  little  boy,  aged  13  ytMS% 
to  be  treated  for  symptoms  that  were  somewhat  Anomalous^  yet  not  of  a  character 
silficiently  marked  to  enable  us  to  say  positively  that  St.  Vitus's  dance  proper  existed. 
While  in  perfect  repose,  and  even  when  engaged  in  play,  study,  or  Gonvenatioii«  if 
there  was  nothing  to  excite  or  alarm,  he  exliihited  nothing  unusual  in  his  movements. 
IC,  however,  he  failed  in  bis  recitations^  was  scolded  by  bis  parvnlH  or  if  he  I 
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cadtcd  in  his  play»  or  was  abashed  by  the  notice  of  a  stranger,  some  peculiar  symp- 
toms became  immediately  manifest.  The  mtiscles  of  the  face  became  convulsed,  and 
mt  times  the  twitching  was  quite  violent,  m  that  his  appearance  was  grotesque  in  tht 
extreme.  Rapid  contractions  of  the  muscles  of  the  arm  also  occurred.  These  were 
most  noticeable  in  the  biceps  and  flexors  of  the  hands  and  fingers. 

The  child  was  to  all  appearance  perfectly  healthy,  and  was  of  a  lively  and  genial 
disposition. 

This  disorder  of  the  nervous  function  bad  existed  some  four  or  five  months,  so  that 
ooosiderabte  uneastneis  was  excited  in  the  minds  of  the  friends  of  the  patient.  As  he 
Kved  a  considerable  di "Stance  from  the  city,  applications  were  given  only  occasionally, 
AS  his  attendant  found  it  convenient  to  bring  him.  During  the  course  of  a  month  the 
boy  Tisited  tis  some  hve  or  ^ix  limes^  and  as  he  wai^  suffering  from  no  debility,  we 
judged  It  to  be  sufficient  to  make  the  applications  only  to  the  ports  affected,  and  not 
to  extend  them  over  the  whole  surface  of  the  t>ody.  The  result  of  this  Irregular 
treatment  was  successful,  since  all  the  abnormal  movements  to  which  he  had  been  so 
readily  liable  on  exposure  to  any  excitement  became  less  and  less  marked.  At  the 
end  of  the  month  he  left  us  cured. 


Ah  aggravai^  £as€  of  tkorea  rtsisis  tki  action  of  ike  gahfank^  bui  yitlds  to  general 
etectrizaihn  with  the  faradk  eurretU-^Retapus^  and  again  recmHrs  under  the 
same  treatmtni. 

Case  CXXX  VL — A  little  patient,  aged  lo  years,  under  the  professional  care  of  Dr. 
J.  O.  Farrington,  presented  the  severest  symptoms  of  chorea. 

Prof,  George  T,  ElUott  was  called  in  consultation  May  iS,  iS6S,  and  by  these  gen- 
tlemen electrical  treatment  was  advised. 

Some  two  months  previuus  to  the  consultation  certain  abnormal  movements^-such 
as  starting  suddenly  to  his  feet,  throwing  out  a  liand  or  a  foot,  etc. — were  observed 
by  the  teacher  of  the  boy.  Two  weeks  syLsequenlly,  the  patient  was  seized  with  well- 
marked  choreic  symptoms  of  the  right  side  of  the  body,  and  in  two  days  the  disturb- 
ance extended  to  the  opposite  side.  So  constant  and  violent  were  the  movements  of 
his  arms  and  legs  tliat  it  was  impossible  to  keep  him  on  \  be<1  or  sofa.  It  was  neces- 
sary to  place  him  on  the  carpet,  surrounded  by  inflated  rubber  bags.  Intelligence 
seemed  to  be  perfect,  but  the  power  of  S]:>eech  was  tost  and  the  smOerer  made  known 
his  wants  by  Impatient  cries  and  Ul-tlirectecl  motions. 

Sleep  was  impossible  without  the  nightly  administration  of  an  opiate.  Contrary  to 
our  judgment,  but  by  suggest  ion,  we  commenced  treatment  by  the  use  of  a  mild  gal« 
vanic  current  directed  especially  lo  the  base  of  the  brain  and  the  spinal  tract ;  but 
this  method  served  only  to  a^ravate  the  child's  condition.  We  then  resorted  to  the 
faradlc  current  by  the  method  of  general  elect  rixation,  but  so  violent  were  the  in  vol- 
untary movements  in  the  limbs  and  body  of  the  patient,  that  it  was  with  difficulty 
that  he  could  be  held  in  a  sitting  posture  and  his  feel  kept  on  the  copper  plate  ta 
which  the  negative  pole  was  attached.  The  applications  were  general — every  per- 
tioo  of  the  body,  from  the  head  to  the  feet,  being  influenced  on  each  occasion^ 

Improvement  was  manifest  from  the  very  first.  He  was  at  once  enabled  to  sleep 
soondly,  although  bis  opiate  was  reduced  one-third,  and  after  the  fourth  application 
it  was  dispensed  with  altogether.  In  the  course  of  three  weeks,  during  which  lime 
ftfteeo  applioations  were  given,  the  case  was  so  far  improved  that  the  patient  was  abit 
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to  titter  distinctl/  words  ftnd  sentences,  Tbe  choreic  symptoms  were  9^  much  dhnia 
ished  that  tbe  boy  could  readily  sit  quiet  and  alone»  aod  during  an  applica^tkm  wii 
able  to  commaad  ihe  movements  of  his  body  and  feet*  Improvement  continued  dur* 
ing  the  administrntion  of  a  few  more  applications,  when  the  child  was  taken  to  th« 
*ea-shore,  where  in  two  weeks  he  quite  recovered.  After  having  enjoyed  cxcelleni 
health  for  a  year  and  a  half,  the  boy  suffered  from  a  second  attack.  He  was  imme- 
diately subjected  to  the  uiflucnce  of  electrization,  and  recovered  even  more  rapidly 
than  before. 

Marasmus  and  Gtneral  DebUily.  -In  the  treatment  of  marasmus  and 

general  debility  of  children,  Dr.  B  -'ard  has  recently  made  a  series  of 
experiments  at  the  Sheltering  Arms  Institution  in  Brooklyn,  which  is 
under  the  medical  charge  of  Drs*  Jerome  Walker  and  Frank  Rockwell 
In  addition  to  this  hospital  experience,  Dr.  Rockwell  has,  in  private 
practice  more  especially,  had  very  many  opportunities  of  testing  the 
efficacy  of  the  varioys  forms  of  electricity  in  the  diseases  under  consid- 
eration. In  these  investigations  a  number  of  marasmic  cases  and  of 
cases  of  debility  of  various  kinds,  some  of  a  most  serious  character,  were 
treated  by  general  faradization,  and  with  most  pleasing  results.  The 
remarkable  improvement  in  nutrition  that  the  young  of  animals  may 
derive  from  general  faradization  has  already  been  described  (see  chaptei 
on  Nutrition,  in  Electro-Physiology). 

Two  important  facts  were  brought  out  and  confirmed  in  these  exper- 
iments : — 

I.  That  very  young  children — under  one  year^ — could  bear  as  larg« 
doses  of  general  faradization  as  adults* 

a.  That  the  recognized  tonic  effects  of  general  faradization — ^improve- 
ment in  sleep,  appetite,  and  in  rapidity  and  vigor  of  growth — are  appre- 
ciated by  infants  even  more  rapidly  than  by  adults* 

Cases  that  were  fast  failing  were  restored^  and  in  one  or  two  instances 
life  was  apparently  saved  by  the  treatment 

Marasmiu  in  a  Mid  aged  f&ur — Rtt&vtry  under  general  faradiioH&m  after /mimr$ 

of  the  accepted  methods  of  treatment* 

Case  CXXXVIL-^F.  C,  a  little  boy  aged  4,  had  been  prostrated  for  lome  time  with 
diarrbceal  sjinploms  with  fever.  These  symptoms  became  modified  under  treatmoit  \ 
but  the  child  continued  excessively  weak^  with  no  appetite,  with  paroxysms  of  levci^ 
whncss,  sleeplessness  profuse  night-sweats^  and  progressive  emaciation.  No  form  of 
meet ical ion  seemed  of  much  service  ;  and  as  the  condit  ion  of  the  patient  had  ajBomed 
a  chronic  character  and  clearly  pointed  to  disease  of  the  mesenteric  glands^  eleclrkit| 
was  advised  by  both  Bn.  M.  H.  Gregary«  the  attending;  and  the  late  Geo.  T.  £Uio(« 
the  consulting  physician. 

We  submitted  the  little  patient  to  general  faradization  carefully  but  thoroi^lly 
applied     In  one  respect  its  elfccts  were  immediately  and  decidedly  evidenced. 
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The  sleep  was  bettered  and  llic  profuse  perspiration  very  markedly  checked.  For 
six  week&  this  treatment  was  repeated  every  night,  aiid  while  there  was  no  rapid  pro|;- 
ress  towards  health,  yci  from  the  beginnmg  of  treatment  the  improvement  was  gradjat 
ojid  ttninterrupted  uiitd  the  recovery  was  complete. 

iVhaoping-Cough, — In  the  institution  mentioned  on  the  preceding 
page,  and  in  private  practice,  sixteen  cases  of  whooping-cou^^h  in  various 
stages  of  the  disease  have  been  treated^  mainly  by  central  galvanization. 
The  result  was  improvement  in  every  case.  The  paroxysms  were 
diminished  in  frequency  and  violence,  and  in  some  instances  the 
length  of  the  distressing  stage  of  the  disease  was  shortened. 

In  cases  complicated  with  debility  there  was  improvement  in  general 
nnlrition.  In  one  case  where  great  dt^bility,  resulting  from  congenital 
syphilis  existed,  the  improvement  in  general  nutrition  was  most  striking ; 
and  in  that  case  general  faradization  was  mainly  used.  In  mast  of  the 
cases  treated,  the  usual  medication  in  wide  variety^  including  quinine, 
had  been  tried.  All  medication  was  stopped  shortly  after  the  electri 
cal  treatment  was  adopted. 

Incimiinence  of  Urine,  — Th  i  s  ve  ry  di  st  ressi  ng  in  fi  rtni  ty  wi  11  some  time  s 
yield  to  local  or  central  galvanization,  but  the  good  results  that  are 
ubtained  by  these  methods  of  treatment  are  not  always  permanent. 

In  conjuction,  however,  with  other  tonic  remedies,  it  is  undoubtedly 
1  valuable  aid  in  the  treatment  of  this  disease* 

In  cases  where  there  is  an  almost  absolute  want  of  control  over  the 
bladder,  the  local  ap[)lication  of  the  faradic  current  is  strongly  indicated, 
and  will  frequently  alleviate  the  symptoms* 

The  following  case  is  ilhistrative  of  the  good  effects  that  may  occa- 
sionally follow  the  use  of  electricity : 

\li»€oniinen€e  of  uritu  iinct  hirtk  in  a  ehild  aged  six — Rtemtiry  in  six  mtmths  undft 

local  faradnaiioti. 

Case  CXXXVIII. — Willie ,  a  little  boy.  aged  sijt,  had  been  annoyed,  more 

or  less,  by  this  want  of  control  over  the  bladder  since  Iiis  birth.  He  invariably  wet  his 
bctl  at  night,  ajid  U  was  not  unusual  for  him  to  meet  with  accidents  by  day.  He  was  a 
fine  heahhy  boy,  and  therefore  he  was  submitted  to  simple  localized  faradization. 
The  Irealracnt  wbs  not  kept  up  very  regularly,  but  once  or  twice  a  week,  as  he  hap- 
pened  to  visit  the  ofBte.  In  about  a  mouth,  hii  mother  observed  a  very  decided  im- 
provement The  imprrivement  slowly  continued,  and  in  the  couisc of  six  months  the 
patieat  tieenkcd  to  have  gained  ordinary  control  over  iki;*  function. 

I  Vomiling  and  Cholera  Infanlnm. — ^EJoth  vomiting  in  children  and 
cholera  infantum  are  treated  with  advantage  by  bromide  of  potassium 
and  by  the  tonic  intluence  of  sea,  mountain,  and  country  air,  It  would 
therefore  be  ju5t  to  suppose  tJiat  these  affections  might  be  successfully 
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treated  by  electricity.  Dr.  Lente,  of  Cold  Spring,  informs  us  that  h« 
has  iiad  excellent  results  in  the  treatment  of  vomiting  in  children  by 
faradization.  Dr.  O'Reilley,  of  Louisville,  Ky.,  reports  good  results 
from  faradization  in  cholera  infantum.  , 

InfaniiU  Paralysis. — Paralysis  in  infants,  though  often  of  a  reflex 
character,  is  so  frequently  dependent  on  some  morbid  condition  of  I  he 
spine,  that  it  might  properly  be  included  under  spinal  paralysis.  l*ikc 
paraplegia  in  adults,  it  depends  on  a  variety  of  diseased  states  of  the 
spinal  cord  and  its  membranes.  There  is,  probably,  no  one  patholo 
gical  lesion  tliat  is  pathognomonic  of  this  disease.* 

The  symptoms  of  the  disease  are  paralysis  a/  mation^  with  lass  &/  flcc- 
iro-muscular  coiitraciility^  some  anmsth^sia^  great  diminution  &f  temper, 
ature^  and  muscular  atrophy. 

In  some  cases  the  muscular  atrophy  is  accompanied  by  fatty  degen* 
eration* 

Duchenne,  with  the  aid  of  the  niicroscot>e,  has  investigated  the  con- 
dition of  the  muscles  in  muscular  atrophy.     For  this  purpose  a  trocat 


Fig.  ii6— Duchcmic's  Trocar, 


Fig.  117 — NocggcnUb's  Trocur^ 


=<: 


IS  necessary,  Duchenne's  trocar,  Fig,  116,  is  introduced  into  the  muscle 
open.  When  in  situ^  a  piece  of  sharp  steel  is  piished,  by  means  of  m 
button,  against  the  barb  of  the  trocar.  A  piece  of  muscle  is  thui 
caught,  which,  on  the  withdrawal  of  the  trocar,  can  be  examined. 

Microscopic  Examination  of  Muscles, — Mocggerath's  instrumeat. 
Fig.  1 29,  is  introduced  as  a  simple  trocar,  and  when  in  situ^  the  wire  coa- 
tained  in  it,  being  pushed  forward,  causes  the  prongs  or  clasps  on  its 
extremity  to  emerge  a  little  separated.  When  the  wire  ts  pulled  out  the 
prongs  come  together,  bringing  with  them  a  piece  of  the  flesh. 

*  For  ft  Tftlttable  r^sumfe  of  the  present  state  of  our  knowledge  ol  the  Faih»iemy  tj 
Infaniite  Paraiyds^  see  the  paper  on  that  subject  hf  Dr.  Mary  Jacobi  b  1^  Aai 
Joomal  of  Obstetrics,  May,  1S74. 
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Fig.  125. — ••The  longitudinal  fibres  hare  disappeared.  We  see  only  fMty 
rnulecules  very  dose  together  and  tittle  distinct,  esjieciaily  towards  the  axis  of  the 
f.^scia.'* 

KiG.  126.-^**  The  fax  becomes  more  abundant  and  diSLcult  i  the  muscular  fascia  b 
tr-ore  transparent." 

Fig.  127,—"  Distinct  molecules  of  fat  are  no  longer  perceptible  i  the  fascia  is  com* 
posed  of  a  shapeless  mass, 

"  Each  degree  of  fatty  transformation  corresponds  to  a  degree  of  decoloration  of 
muscular  fibre." 

Electro- DiagPtesis, — In  infantile  paralysis  there  is  diminurion  or  utl« 
loss  of  electro-mu scalar  contractility.  In  patients  so  young  the  con- 
dition of  the  electro -muscular  sensibility  cannot  of  course  be  ascertained 
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The  tactile  scosibility  is  in  some  cases  much  diniinished  ;   in  other 
cases  it  does  not  appear  to  be  affected. 

A  slight  degree  of  anaesthesia  cannot  be  ascertained  in  very  young 
patients.  An  important  feature  of  infantile  paralysis  is  that  the  muscles 
exhibit  contractiHty  under  galvanisation  when  they  are  not  at  all  affected 
by  faradization.  In  this  disease  especially  both  currents  are  necessary 
in  the  diagnosis  as  well  as  in  the  treatment,  and  careful  regard  must  be 
given  to  the  "  motor  points." 

In  making  an  examination  of  the  condition  of  the  muscles  of  infants 
it  should  be  remembered  that,  on  account  of  their  flabby  character  and 
the  relatively  large  proportion  of  adipose  tissue  by  which  they  are  sur- 
rounded, they  do  not  respond  as  readily  nor  as  perceptibly  to  electriza- 
tion as  the  muscles  of  adults, 

Treahnent, — Galvanization  of  the  affected  limbs  is  the  method  of 
electrization  that  is  principally  indicated  in  infantile  paralysis.  In  those 
cases  that  fail  to  respond  to  the  faradic  current,  the  galvanic  is  indis- 
pensable. When  the  muscles  have  regained  their  contractility  under 
the  faradic  current,  faradization  may  be  used  either  alone  or  alternately 
with  galvanization. 

Children  wil!  bear  as  powerful  currents  and  as  protracted  localized 
applications,  without  apparent  injury,  as  adults  (see  p,  550).  No  stronger 
currents  should  be  used»  however,  than  are  just  sufficient  to  produce 
full  muscular  contractions.  The  most  frequent  mistake  is  to  overdo  the 
treatment — to  use  too  strong  currents^  and  too  long  applications^  and  thus 
weaken  rather  than  strengthen  the  muscles. 

Galvanization  of  the  spine  is  also  indicated,  and  in  connection  with 
the  peripheral  treatment  should  not  be  neglected. 

In  infantile  paralysis  the  general  health  is  not  necessarily  impaired. 
Those  cases  that  are  accompanied  with  general  weakness  should  be 
treated  by  general  as  well  as  localized  faradization  and  central  galvani- 
zation. Treatment  by  electrization  is  greatly  aided  by  passive  move- 
ments systematically  and  skilfully  used,  shampooing,  frictions,  and  the 
application  of  dry  heat  and  hot  water  to  the  affected  limbs,  (See  re 
marks  on  Accessory  Treatment  under  Hemiplegia,) 

Prognosis. — The  prognosis  must  depend  on  the  cause,  the  probable 
nature  of  the  lesion,  the  length  of  time  that  the  disease  has  existed,  and 
the  condition  of  the  muscles,  especially  as  ascertained  by  electric  and 
niicroscoj)ic  examination.  If  fatty  degeneration  is  much  advanced  the 
prognosis  is  less  favorable  than  when  no  degeneration  exists. 

Cases  of  a  reflex  or  functional  character  may  recover  speedily  with- 
out  special  trcatraenL     Cases  of  organic  character,  which  constitute 
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the  Tnajority,  and  which  have  gone  on  to  atrophy,  recover  onty  slowlf 
and  tinder  raitbfut,  persistent  trealnient  It  is  rarely  indeed  that  pi* 
rents  or  gnarlians  have  the  patience  or  the  means  to  persevere  and 
obtain  the  full  benefit  of  which  electrization  is  capable. 

Frequently  the  improvement  rapidly  advances  to  a  certain  grade  and 
then  halts,  or  advances  so  imperceptibly  as  to  discourage  the  pareuL 

Paralysit  of  left  arm  ;  atrophy  of  deltoid— No  response  at  first  to  faradiuitiom^ 
Imprin'ement,  bnt  not  recovery,  under gah^nUation, 

Case  CXXXIX, — A  boy  aged  14  months,  was  suddenly  taken  with  complete  paraJjr^i 
of  the  left  arm  after  expoFure  to  cold.  He  came  under  our  observation  almut  a  week 
after  the  seizyre.  We  found  it  impossible  to  produce  the  slij^htest  contractioiift  of 
the  muscles  with  the  faradic  currents  After  two  appUcatkms  we  resorted  to  the 
galvanic  current. 

Immediate  contraction  of  all  the  paralyxcd  muscles  followed  its  use,  and  the  natural 
power  was  restored  somewhat,  so  that  the  child  was  enabled  to  slowly  cto«e  ajKlopeo 
the  band.  After  another  similar  application,  the  faradic  current  was  us  efficacious  10 
producing  marked  contractions  a^  the  galvanic. 

When  treatment  had  been  continued  about  a  month  the  child  could  ttse  the  baud 
and  forearm  perfectly  well.  The  upper  arm  wan  con«iidera'.ly  improved,  so  far  ai 
power  of  movement  was  concerned  ;  but  the  deltoid  muscle  had  atrophied,  ajid  fio 
hubsecjijcnt  treatment  sufEccd  to  greatly  improve  its  condition. 

Paralyst*  of  left  arm^  with  atrophy  of  deltoid^  caused  by  exposure  to  told^No 
response  at  first  to  faradimitiifM — Improxfcment  under  galtmmtaiiom, 
CaseCXL — A  short  time  before  we  saw  the  child  he  had  been  exposed  (witb 
Dare  arms  and  shoulders),  while  riding  in  the  horse-cars,  to  cold  draughts  of  wind,  A 
few  hours  subsefiuently  the  rnolher  first  ncitice<i  that  the  child  used  the  right  arm  alto- 
gether, and  upon  further  exfimiiiat ion  she  discovered  that  the  left  arm  was  perfect^ 
powerless.  Previous  to  the  attn^ck  the  little  patient  bad  been  suffering  considerably 
from  the  irritative  process  of  teeLbing,  which  had  somewhat  reduced  him  in  heal  I  h 
and  flesh.  The  deltoid  was  atrophied.  No  intensity  of  the  faradic  current  which  we 
fck  justified  in  applying  to  the  affected  arm  jiroduced  the  slightest  effect ;  but  when  ■ 
{TOilvanic  current  of  moderate  power  was  made  use  of,  the  muscles  of  the  paraJyzed  limb 
responded  almost  as  readily  as  those  of  the  healthy  side.  The  imjirovement  under  the 
use  of  the  galvanic  current  was  for  a  time  quite  marked.  He  very  soon  regained  fuU 
p*jwerovcr  the  band  and  forearm,  but  was  unable  for  a  long  while  to  move  the  upjier 
Aim,  and  when  treatment  was  discontinued  after  some  twenty  applications  had  been 
given,  it  was  impossible  for  him  to  raise  the  arm  readily  from  the  side,  NotwtthstaiK^ 
Ing  the  approximation  to  a  perfect  cure,  the  faradic  current  would  produce  oq^ 
feeble  contractions,  while  under  the  influence  of  the  galvanic  ciUTcnt  the  e]ectfo-my» 
rular  contractility  was  vigorous. 

Pirafysu  of  right  Itg  following  dittrrhaa^ Rapid  recouery  under  genera!  fess^^ 

dimtion. 
Case  CXLt.--A  girl,  aged  14  montht,  was  brought  to  us  in  September^  1867,  l« 
I  c  treated  for  an  at*  ick  of  paralysis  that  occurred  six  weeks  before.     During  %hk  wum 
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atcT  she  had  suFeied  from  ft  diarrhopft,  which  hod  considerably  reduced  hei  in  strength 
and  flesh,  and  just  a  week  before  the  leg  became  paralyied  she  ex*  cricnccd  a  severe  at* 
lack  of  cholera  infantum.  The  mother  of  the  child  first  observed  some  lameness  of  the 
right  Icgf  that  followed  shortly  after  a  fall  from  a  chair.  In  two  days  the  leg  wan 
withoni  the  slightest  power  of  motion.  The  limb  was  cold.  The  improvement  follow- 
iftg  electrization  was  in  this  instance  unusually  rapid.  Two  applications  with  the 
faradic  current  resulted  in  some  progress;  but  after  the  third  visit,  when  the  galvanic 
current  was  used,  the  improvement  was  very  marked  The  muscles  below  thr  knee 
contracted  vigorously  for  the  first  time  under  its  bfiucnce,  and  in  the  course  ot  three 
weeks,  under  the  altemaling  use  of  the  two  currents,  a  perfect  cure  was  efTectcvl 

/htrafysii  a/  fix  m^nihs*  landing — Entire  /oss  of  reartian  to  hoth  futrents — Ap^ 

proximate  rt(tn>try. 

Case  CX LI L  — Master  C.  E.,  aged  four,  was  sent  to  us  by  Dr.  S.  H.  Mcllroy, 
of  New  York. 

In  September,  1877,  the  patient  suffered  from  a  severe  attack  of  chills  and  fever, 
followed  by  convulsive  seizures.  One  week  subsequently  the  right  leg  was  found  to 
be  completely  paralysed,  the  other  binbs,  with  the  exception  of  the  left  arm,  being 
also  affected,  but  in  a  less  degree.  In  March,  1S7S,  ixx  months  later,  the  case  came 
under  our  care.  The  ieg  wa*  apparently  \vithout  life,  qtiiic  cold,  and  atrophied  to 
the  last  degree,  while  the  electro- muscular  conlractili^y  was  completely  aboliahed, 
and  probably  had  been  f(»r  some  time.  After  a  month's  treatment  by  general  fara- 
dization and  localized  galvanization,  the  general  condition  had  somewhat  improved, 
but  there  was  not  the  slightest  evidence  of  returning  gal vano -muscular  contractility, 
In  two  week^  more,  however,  ci:>ntra?tioni,  almost  imperceptible,  were  observed » 
These  increased  very  slowly,  and  it  was  six  months  before  Ihc  muscles  responded  in 
the  least  degree  lo  faradization.  At  the  present  time,  after  a  year  of  the  most  per- 
sistent endeavor,  the  contractton!i  arc  considerable,  the  limb  has  increased  much  in 
siic,  its  circulation  is  good,  and  the  child  can,  with  the  aid  of  a  chair»  move  about 
quite  readily.  We  conceive  it  to  be  self  evident  that  if  this  patient  had  not  been 
treated  with  unysual  persistency,  or  if  active  measures  had  been  delayed  much  longer, 
a  condition  of  life-long  helplessness  would  have  followed. 


In  consideration  of  the  absoittle  and  hng-contintud  paralysis,  and 
lass  of  electric  response  to  either  current,  the  above  results-  have  itii- 
pressed  us  deeply,  and  should  teach  that  even  desperate  cases  ofinfan* 
tile  paralysis  shotild  not  be  hastily  abandoned  to  their  fate. 
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The  iiieJical  diseases  of  the  male  genital  organs,  for  which  electri- 
city is  chiefly  indicated,  are  spermatorrhceaj  seminal  emissions^  impo- 
tifue^  incontinence  of  urine ^  zxid  paralysis  cf  the  bladder. 

As  it  has  been  doubted  whether  the  resources  of  the  electro- 
therapeutics are  capable  of  affording  any  decided  and  lasting  benefit  in 
these  diseases,  we  here  record  not  only  as  the  result  of  our  own  ex- 
perience, but  from  a  knowledge  of  the  experience  of  others,  that  no 
case  in  which  there  have  been  reasonable  grounds  for  hope  can  be 
said  to  have  been  fairly  treated,  until  the  proper  application  of  eleC' 
tricit)^  has  been  attempted. 

It  should  be  remarked  that  of  spermatorrhcea,  seminal  emissions,  and 
inopotence,  the  latter,  taking  the  cases  as  we  find  them,  yields  the  most 
uniformly  and  readily  to  electrical  treatment.  These  three  conditions 
are,  however,  very  frequently  associated,  and  the  symptoms  of  each 
may  be  so  intenningled  as  to  render  it  difficult  to  decide  which  presents 
the  most  prominent  indications. 

Spermatorrhc£4i, — There  can  be  no  question  that  true  spermatorrhcta 
'&  much  less  frequent  than  is  generally  believed.  It  consists  of  an  in- 
voluntar>'  discharge  of  semen  without  erection,  and  as  there  are  several 
secretory  glands  besides  the  testicles,  the  secretion  from  which  hibri- 
cates  the  urethral  canal,  and  may  even  appear  externally  in  a  healthy 
condition  of  the  parts,  the  activity  of  charlatans  has  had  a  fair  field  in 
which  to  excite  alarm  among  the  credulous. 

Seminal  emtssions  consists  in  an  involuntary  discharge  of  seminal 
fluid  with  erection,  and  demands  treatment  only  when  it  becomes  ex- 
cessive, and  is  associated  with,  is  dependent  on,  or  is  the  cause  of 
constitutional  disturbance. 

Treatment. — ^In  regard  to  the  treatment  of  spermatorrhcea  and  semi- 
nal  emissions,  it  is  hardly  necessary  to  say  that  no  one  mefhod  of 
electrization  wiU  answer  in  all  cases.  The  applications  may  be  local 
lied  externally  or  internally,  and  in  addition  we  frequently  use  with 
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advantage  general  faradiisation  ami  central  galvanization.  There  is  one 
method  of  procedure  concerning  the  ill  eflfects  of  which  wc  have  po«i 
live  convictions.  We  refer  to  strong  galvanization  of  the  cjacjlalory 
ducts^  or  the  parts  in  their  immediate  vicinity,  by  means  of  the  insulairtJ 
catheter  electrode. 

It  is  true  that  if  employed  with  great  caution,  and  with  a  current  of 
very  feeble  power,  no  harm  may  result.  Currents  of  considerabl* 
electrolytic  power  even  may  frequently  be  borne  without  any  after  ill 
eflfects  J  but  it  is  equally  true  that  these  same  applications,  whether 
weak  or  strong,  have  in  numbers  of  instances  been  followed  by  pn>' 
found  and  lasting  irritation. 

Deaths  have  been  known  to  result  from  the  effects  of  ihc  fcrit 
causiique.  From  the  history  of  one  of  our  cases,  it  seemed  sufficiently 
clear  that  this  treatnxent  had  laid  the  fountlation  of  an  obslinite 
stricture  and  in  another  case  of  complete  destruction  of  the  virile 
power,  it  was  evident  that  the  symptoms  were  in  a  measure  due  to  I 
most  severe  and  ill-advised  cauterization  of  the  ejaculatory  ducts. 

Electrolytic  action  is  of  course  more  completely  under  control,  and 
although  its  action  is  different  from  that  of  the  caustic,  it  is  yet 
occasionally  followed  by  substantially  the  same  results,  and  we  hesi* 
tale  to  make  use  of  it  in  the  irritable  conditions  that  we  arc  con- 
sidering. 

In  lieu  of  this  procedure,  how*ever,  and  in  addition  to  the  extcrwl 
methods  of  treatment,  wc  are  highly  in  favor  of  the  direct  application 
of  the  faradic  current  to  the  urethra^  and  on  the  same  principles,  and  to 
meet  the  same  indications,  that  the  occasional  introduction  of  the  ordi- 
nary catheter  is  attempted.  Mechanical  pressure  alone  tends  to  unload 
th^  congested  capillaries,  and  to  very  decidedly  lessen  the  sensibility  of 
tht  urethral  nerves,  and  when  combined  with  the  vibrator)*'  action  of 
tht  faradic  current,  we  are  convinced  that  its  good  effects  are  marked* 
ly  )  ncreased, 

imp&tence, — The  mildest  and  most  frequent  form  of  impotence  xoASiv 
festi  itself  by  a  premature  ejaculation  of  semen,  with  no  special  diminti' 
tior  of  sexual  desire,  but  with  some  impairment  of  the  power  of  erectioii. 
A  somewhat  more  persistent  condition  is  shown  by  an  appreciable 
dinunution  or  capriciousness  of  the  sexual  appetite,  wnth  a  marked  de- 
crease of  the  power  of  erection,  and  again  there  is  not  unfrequentJy  an 
entire  absence  of  sexual  desire  and  power  of  erection.  Another  fomi  of 
im J.  Jtence  may  be  termed  psychuaL  The  unfortunate  subjects  of  thii 
con  lition,  ignorant  of  what  the  normal  sexual  appetite  should  be^  oftcn- 
timrv  suppose  that  in  their  case  it  is  deficient.    Depressed  and  distracted 
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b)  self-brootling,  they  sometimes  fulfil  tfieir  own  dark  forebodings^  and 
fail  in  their  prehtiiinary  attempts  to  accomplish  the  sexual  act  through 
the  very  intensity  of  their  desire. 

We  shall  not  attempt  to  enter  into  any  consideration  of  the  causation 

of  these  symptoms,  further  than  to  say  that  the  vast  majority  of  case? 

of  this  character  are  brought  on  by  the  same  general  causes,  masttir* 

[bation,  or  suddenly  breaking  off  the  habit  of  masturbation,  excessive 

'sexual   indulgence,   prolonged   continence,  or  by   any  influence   that 

debiHtates  the  system. 

Not  only  in  its  incipient  but  in  its  more  advanced  stages,  impotence 
not  unfirequently  is  the  result  of  organic  disease  of  the  nerve- centres, 
and  its  treatment  by  electricity  is  of  importance  only  so  far  as  it  serves 
as  an  illustration  of  the  extraordiuar)'  stimulating  or  tonic  influence 
of  the  remedy*  ^Ve  have  had  patients  suffering  from  incurable 
ciironic  hemiplegia,  progressive  muscular  atrophy,  locomotor  ataxia, 
etc,  where  there  has  been,  under  local  and  general  electrization j  a 
most  extraordinary  increase  in  the  desire  and  capacity  for  sexual  inter- 
course- 

£leftrO'Diaj^nosis. — Anasthesia  of  one-half^  usually  the  lefi^  of  the 
fenis^  is  a  condition  not  unfrequently  observed  in  diseases  of  these  parts. 
This  may  be  detected  by  an  electric  examination  or  by  the  lesthesiom- 
eter.  This  peculiarity,  which  was  first  pointed  out  by  Schul/,  we  have 
observed  in  a  number  of  instances.  With  anaesthesia  there  maybe 
coldness  and  blueness  of  the  sexual  organs. 

Occasionally  the  anaesthesia  is  quite  profound,  and  as  a  rule  the  sex- 
ual weakness  is  in  proportion  to  the  degree  of  the  anaesthesia. 

The  numbness  in  these  cases  is  more  than  an  accidental  association ; 

it  would  indeed  appear  as  if  it  were,  to  a  certain  extent,  a  cause  ;  for  by 

the  application  of  the  ordinary  electric  brush  to  the  parts  in  the  same 

way  that  we  treat  any  case  of  local  anaesthesia,  the  numbness  is  often 

fremoved,  and  the  integrity  of  the  sexual  function  restored. 

HypercEsthesia  of  the  urethra  is  a  condition  that  is  sometimes  ob- 
served,  especially  in  patients  otherwise  nervous  and  irritable. 
I      In  the  worst  stages  there  may  be  atrophy  of  the  testicles  and  the 
penis,  and  a  diminution  of  temperature   that  is  at  once  perceptible  to 
the  hand. 

Treatment, — In  the  consideration  of  the  various  degrees  of  impaired 
sexual  power,  the  question  at  once  arises,  What  are  tlte  indications,  and 
how  are  these  indications  to  be  fulfilled  ?  In  the  milder  forms  of  impo- 
tence, where  there  is  simply  premature  ejaculation  of  semen,  with  some 
diminutioR  of  the  power  of  erection,  as  well  in  the  more  advanced 
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Stages,  where  the  desire  is  capricious  and  the  power  of  erection  pretij 
well  destroyed,  it  is  evident  that  there  must  be  a  degree  of  paralysis  al 
the  root  of  the  disorder,  dependent  on  structural  changes  in  the  DC^f^ 
centres,  or  else  this  impaired  power  or  tone  in  the  muscles  and  enectikJ 
tissue  may  be  of  a  purely  local  character*     In  the  latter  case,  the  m&M 
cations  are  clearly  the  same  as  in  other  forms  of  local  paralysis,  and  bf 
faradization    of  the   ischio-cavernosus   and   bul bo-cave mosus   mtudes 
much  may  be  accomplished       In  recent  cases  of  impotence,  wheit 
there  is  considerable  power  remaining,  as  well  as  in  a  more  advanced 
stage,    where    the  power  is  approximately  lost,  we  not   uofrequeiitlj  , 
Snd    that   the  seminal    secretion    is    markedly   reduced,  not  only  til 
quantity   but    quality ;  and,    reasoning  from   analogy,  it  would  seoi] 
thu  in  such  cases  there  were  undoubted  indications  for  the  use  of  dee- 1 
tricity. 

The  galvanic  current  especially  has  the  power  of  exciting  to  • 
activity  the  secretary  function  of  various  glands,  and   not  st , 
celerates  physiological  mucous  discharges.     The  salivary  and 
mal  glands,  as  well  as  the  liver,  are  susceptible  to  stimulation  by  i 
trization,  and  it  is  undoubtedly  true  that  the  lacteal  secretion   has  I 
augmented   by  passing  the   current   through    the   breasts   of  na 
women.     (See  chapter  on  Nutrition  in  Electro  Physiology.) 

It  is  highly  probable,  then,  that  a  deficiency  in  the  secretion  of  i 
when  it  is  dependent  on  local  paralysis  or  exhaustion  of  the  nerves  coo-I 
trolling  this  function,  and  not  on  pathological  changes  of  a  structortlj 
character,  may  be  successfully  remedied  by  galvanizing  the  spermnkj 
nerves  and  testicles.  We  cannot,  however,  in  all  cases,  depend  oal 
local  treatment  alone.  Not  only  may  impotence  be  associated  witl,j 
but  it  may  result  wholly  from  disorders  of  a  general  chafacter. 
excessive  use  of  sedative  narcotic  remedies,  sedentary  habits,  ami  geft-l 
eral  malnutrition  from  any  cause,  lead  to  the  condition  under  C0Qsidef^| 
atioo,  and  demand  the  general  constitutional  tonic  induence  of  genesill 
faradization. 

The  vesiculae  seminales  and  the  testicles  may  be  affected,  and  tn 
some  patients  very  powerfully  and  sensibly,  when  one  of  the  [wlcs  is 
applied  to  the  lower  pirt  of  the  spine,  and  the  other  to  some  poiot  « 
the  thigh  or  against  the  perinxum.  A  very  good  way  to  iiectthe 
male  reproductive  organs  is  to  apply  one  pole  firmly  against  the  pen* 
ojeum,  and  the  other  upon  the  testicles. 

Faradization  of  the  genital  organs  should  not  usually  be  protracted 
longer  than  five  to  ten  minutes ;  galvanization  from  two  to  eight  mn 
utes.     The  faradic  current  would  appear  to  be  preferable.     Iiupoieoce, 
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mire  seminal  emissions,  may  sometimes  be  treated  by  connecring  the 
5tt-l  sound  introduced  into  the  urethra  with, one  of  the  poks  of  the 
faradic  current^  thus  combining  the  toning  effect  of  pressure  with  th# 
1      telling  effect  of  electricity  on  the  relaxed  parts. 

^m     Asfermaiism. — Impotence,  as  before  remarked,  may  man-  ^5^ 

^"  ifest  itself  by  many  symptoms,  and  in  various  degrees  ;  but  \^ 

there  is  one  phase  of  it  that  is,  we  believe,  not  very  com- 
mon. It  consists  in  an  inability  to  ejaculate  semen  while 
the  power  of  erection  remains  vigorous,  and  to  this  condi- 
tion the  term,  aspermatism,  was  first  proposed  by  Roubaud 
in  1855. 
\  Dr*  Wra.  H.  Van  Buren,  in  an  article  published  in  the 

^feiV^'  V^rk  Medical  J{fur^a/  for  Novemhett  1868,  suggested 
i  that  the  difficulty  in  ejaculating  the  semen  was  caused  by  an 
exaggerated  spasmodic  contraction  of  the  muscular  fibres  of 
the  walls  of  the  ejaculatory  ducis»  leading  to  their  occlusion 
under  extreme  excitement  On  this  theor}^  it  would  seem 
that  the  indications  called  for  galvanization  of  the  ejacu- 
latory ducts ;  but  in  two  cases  that  have  come  under  our 
observation,  and  that  uiiglit  fairly  be  placed  under  the  head 
of  this  affection,  the  treatment  failed  to  afford  relief. 

■   Spermai0rrh(ea  ass&emted  with  profound  mental  and  pf^sical  depftS' 
sioM — Rapid  recovery  under  gtntral  and  i^ajtsed  faraditati^n  and 
tfmtrai  gaIz*ani»aiioH, 
Case  CXLIII.^ — Mr.  T ,  a  youth  aged  17^  came  tinder  our  care 

■  Apri!  23d,  1873,  for  ihe  relief  of  spcrmalorrhcea  associated  with  pro- 
found mental  and  physical  depression.  The  patient  was 
of  a  highly  nervous  organ  iui  ion,  and  attributed  htssytnp- 
toms  mainly  to  the  vice  of  mnstiirbalion,  which  he  had 
practised  for  a  number  of  years^  The  muiicles  were  in 
a  flabby  condition ;  there  was  marked  aniemia,  and  his 
ftreiij^th  harcily   pertintted   him    to   walk   half  a  dozen  Fia  laS. 

blocks  without  the  onset  of  a  paroxysm  of  cardiac  pal-  Insulated  Catheter  Electfo^ 
pitatkm  with  utter  exhaustion.  The  mental  faculties 
^^Wcrre  weakened^  and  at  the  same  time  his  fecliii^js  were  in  such  a  condition  of  hypochrm- 
^Bdriaoil  depression  that  he  wotdd  allow  no  hope  of  recovery  to  enter  his  thought* 
Emtv&ions  of  semen  occurred  regularly  two  or  three  times  a  week.  The  patient  wai 
immediately  submitted  to  general  faradization  with  alternations  of  central  gatvan- 
bation  and  localized  faradixation.  At  the  end  of  a  month's  treatment  it  woa  found 
that  there  had  been  but  three  seminal  emi^sion^^  and  during  the  last  two  weeks  none 
at  alf  He  !iad  t>ccorae  deckledly  hopeful,  and  could  exercise  both  mind  and  body  to 
ft  far  greater  extent  than  for  six  months  before.  The  treatment  was  discontinued, 
the  patieat  left  the  c'\y  for  his  home.     K%  is  the  usual  course  known  under  ami* 
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lar  conditions,  tb«  improv«nicnt  coiituiued  anintenripledly,  and  before  the  Oam  d 
the  summer  a  perfect  recovery  was  complete. 

Sftrmaiorrhaa  ass&ciaied  with  txtrenu  nervoui  txhavsiion  of  tkrtt  yeari*  tt4it4 
ing — Improvement  under  ginerai  foradimH&n  and  central  g&hfQnuaikn^ 
Case  CXLt  V.— G.  H,  W.,  %  younR  man,  aged  twenty-five  yean»  came  torn  Sep 
tember  19th,  1871,  complaining  of  a  persistent  sperroatorrhceay  aawaciaied  wkh  greil 
physical  and  mental  depression.  Three  years  before,  be  first  observed  a  decidei 
weakness  of  the  eyesighti  together  with  occasional  nocturnal  embsions  of  lesKB^  It 
ihould  be  stated  that  the^ic  symptoms  imme<liately  followed  a  severe  attack  of  fnflaiB* 
mation  of  the  bowels  witli  enlargements  of  the  mesenteric  glands.  All  his  life  he  h^ 
indulged  in  masturbation  to  a  considerable  extent.  His  nervous  system  had  been  a 
completely  upset  that  for  three  years  he  had  been  unable  to  study  or  to  work,  iod  if 
medication  and  the  influences  of  travel  and  change  had  failed  to  benefit  him,  he  bcj^B 
to  despair  of  recovery,  and  became  tenfold  more  despondent,  and  vras  so  redaod 
physically  that  he  was  unable  to  walk  more  than  two  or  three  short  blocks  wittkuQV  1 
sense  of  utter  exhaustion  and  a  soreness  and  ** drawing  down"  in  the  abdomen  tbit 
was  absolutely  painful.  Seminal  emissions  occurred  almost  every  night,  and  added 
immensely  to  his  misory,  both  mental  and  physical.  As  an  evidence  of  the  cv«v 
sively  sensitive  condition  of  the  central  nervous  system,  it  may  be  stated  that  a  fandk 
current  of  moderate  strength  applied  to  the  sacrum  and  lumbar  region  produced  by  !?• 
flex  action  a  decided  tingling  sensation  in  several  remote  parts,  and  especially  oa  tk 
crown  of  the  head.  The  patient  was  submitted  to  general  faradixation,  and  under 
the  miluence  of  a  dozen  applications  improved  considerably  in  strength  of  mind  mk 
body.  Subse<]uently  many  similar  applications  accomplished  nothiDg  more  for  biia 
Galvanization  of  the  brain,  sympathetic,  and  spinal  cord  was  then  resorted  tot  A 
new  impetus  seemed  to  be  immediately  imparted.  The  emissiotis  became  less  fttgwiiH, 
and  6nally  occurred  so  seldom  as  to  occasion  little  remark*  The  ]K»wer  of  cootioMMt 
thoQght  returned,  and  at  the  end  of  another  month,  he  left  us  apparently  fecovereA 

Failure  0/  t/te  sexual  p&wer  and  spermatarrkaa  assijeiaied  xmik  kj^poektmdristit' 
Re€(n)ery  under  central  galvanization  and  locaUud  faradimatiim. 

Case  CXLV. — Mr,  — —  came  to  us  by  the  advice  of  Dr  John  Byrne.  ForiCf^ 
cral  years  he  had  li-ecn  affected  with  an  excessive  irrital nitty  of  the  (renitaloi^tti^ 
ii  consequence  of  which  he  had  become  both  physic^ly  and  mentally  depresaedL  Id 
voluntary  ejaculations  of  semen  were  frec.]uent,  and  occurred  generally  during  sleep  si 
night,  while  the  abUity  to  perform  satbfactorily  the  act  of  coition  seemed  aUwtf 
inert. 

The  patient  was  Created  by  central  galvanization  and  by  faradization  loctlivd 
directly  through  the  genital  apparatus. 

The  beneficial  results  of  the  treatment  were  soon  most  decidedly  roanifcstcd  Tk 
involuntary  emissions  ceased  in  the  course  of  a  month  almost  entirely,  and  the  censl 
power  returned  in  full  force.  As  a  natural  result,  the  mental  balance  was  testonl 
and  the  patient  left  us  quite  hopeful  and  happy. 

OfHgenital  impctencc^  wUh  the  sexual  imiinct  unimpairei^^Nb  impr^mmcmi. 
Case  CXLVI, — A  very  interesting  case  of  congemtal  impotence  fell  under  om 
observation  in  February ^  1873. 
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The  patient  was  a  young  roan  aged  30,  and  although  the  sexual  instinct  was  fully 
developed^  and  a  strong  fcelmg  of  sexual  desire  had  beea  manifesttid  from  his  earliest 
manhood,  yet  he  had  never  at  any  time  been  able  by  artificial  means  to  excite  an| 
orgasm,  or  the  slightest  ejaculation  of  s^men. 

Actual  intercouric  had  never  been  atU^mpted 

He  was  subject  to  occasional  nocturnal  emisaons,  that  were  accompanied,  however, 
by  no  pleasurable  sensations.  Structurally  the  parts  seemed,  to  be  in  every  way  per- 
fect, and  the  fault  undoubtedly  lay  in  some  original  imperfect  condition  of  tlvenervouj 
Hipply. 

No  benefit  was  derived  from  treatment, 

Alm^t  compiete  impoitnee  in  a  patient  agid  ^^-^Ptr/ect  recovery  undtr  i&calitea 
faradiuUion  and  galvanization  of  the  spine  and  sympathetic. 

Case  CXLVIL — Mr.  X.,  aged  about  45^  was  directed  to  us  by  Dr,  James  Andcr- 
ion,  in  the  spring  of  1872.  The  patient  was  a  stout,  vigorous  man,  and  the  father  of 
several  children,  but  for  some  yeais  he  had  observed  a  gradual  but  decided  decrease  of 
sexual  power,  and  at  the  date  of  his  applicatitjii  for  treatment  he  asserted  that  be  was 
almost  completely  impotent.  We  submitted  him  on  alternate  dayit*  to  localised  fara- 
disation and  galvanization  of  the  lower  portion  uf  the  cord,  and  occasionally  extended 
the  galvanization  lo  the  neck  in  order  to  bring  more  or  less  completely  under  the  in- 
Euence  of  the  current  the  sympathetic  system.  This  method  wai  faithfully  followed 
out  for  some  six  weeks.  Week  by  week  the  patient  observed  increasing  sexual  capa« 
city,  and  at  the  close  of  the  treatment^  when  be  departed  for  Europe,  be  claimed  to 
possess  perfect  sexual  vigor. 

He  has  suifered  to  tins  date^  1^744  no  relapse. 

DimiHutian  of  power  of  erection  in  a  married  man  in  the  prime  of  life — CephalagiA 
and  debility — Recovery  under  general  faradization. 

Case  CXLVIIL — Mr.  ,  a  merchant  in  the  prime  of  life,  and  to  all  appear- 
ances enjoying  excellent  health,  consulted  us  for  inability  to  perform  satisfactorily  the 
act  of  ooitioQ.  This  inability  did  not  involve  an  absence  of  sexual  desire,  but  simply 
a  want  of  power  to  obtain  and  retain  an  erection.  This  gentleman  hod  a  family  of 
^veral  children,  and  since  his  marriage,  many  years  before,  had  led,  according  to  hii 
statement,  a  conect  and  regular  life.  He  attributed  this  premature  decline  to  early 
excessive  indulgence  and  abuse  uf  the  generative  function.  His  outward  appearance 
belied  his  general  condition,  for  he  suffered  much  from  headache,  and  oftentimes,  on 
rising  in  the  morning,  from  considerable  enervation. 

General  electrizatiun  was  decidcfd  on  and  giveO|,  together  with  local  applications^ 
He  continued  treatment  for  three  weeks,  receiving  an  application  every  other  day. 
The  r&iiilt  was  entirely  satisfartory.  His  general  condition  was  so  much  improved^ 
and  the  vigor  of  his  sexual  organs  was  so  much  increased,  that  he  was  enabled  to 
complete  the  marital  act  as  satisfactorily  as  in  his  youth. 

Impotenee  of  txventy  year/  standing  caused  by  local  paralysis — Numbness  and  cold' 
mess  of  the  parti — Deficient  power  of  erection — Slight  seminal  secretion— *Mo  iJfi- 
prmtement  under gahmnitation  and faradimtion. 

Case  CXLIX. — Mr.^ — ,  aged  44,  was  sent  by  Dr.  Jerome  Smith  to  be  treated 
ibr  impotence  of  nearly  twenty  years'  standing.  When  but  17  years  old  be  contracted 
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gonorrhoea,  and  at  the  ag«  of  35  wis  attacked  by  syphilis.  At  that  tbne  he  lai  I 
very  diss^ipalecl  Hfc,  and  no  sooner  was  an  attack  of  this  disease  apparcfitly  cored  tkiM 
he  forthwith  subjected  himficlf  to  another.  During  the  Inst  attack  the  solid  c&4stk  W 
been  introduced  into  the  \ircthm.  This  cauteriiation  produced  excessive  inflMWWK 
tion  and  pain*  and  was  followed  by  complete  impotence,  Hii^socialed  with  a  feeling  of 
numbness  and  coldness  in  the  pcnts.  He  had  tested  nearly  all  remedies,  and  at  me 
time,  by  the  advice  of  Dr.  Brown-S^quard,  he  had  used  hot  and  cold  douchcii  l«l 
dl  without  avail.  When  he  came  to  us  the  penis  was  quite  cold,  aod  much  bcb< 
the  natural  size.  Erection  was  occasionally  possible,  but  he  was  never  able  to  a^ 
complLjh  the  marital  act.  The  testes  were  of  on  almost  natural  siie,  and  when  the 
penis  was  ariifidally  excited,  a  small  amount  of  semen  would  appear.  The  pcnii 
was  apparently  paralyzed «  and  the  impotence  was  manlfestty  due  to  that  cause  more 
than  to  the  want  of  seminal  secretion.  The  patient  was  a  stout,  hardy,  ngprei 
man,  of  a  full  habit,  and  quite  a  free  liver;  and  neither  in  his  countenanoe  tor 
in  Ids  general  bearing  betrayed  the  slightest  effects  or  even  conscioosncii  «l  Hi 
affliction. 

Four  applications  of  the  farodtc  current  were  given,  with  the  effect  of  temporal)^ 
increasing  the  warmth  of  the  penis,  and  nothing  more.  The  galvanic  cBfiOK 
was  then  tried.  It  increasetl  the  circulation  in  the  pent^  and  con^equentljr  biigltf' 
ened  the  temperature  more  than  the  faradic  current,  but  no  permatient  bcncfil 
rei^ullcd.  Our  patient  then  discontinued  the  treatment,  owing  to  the  preBmre  el 
his  business  engagements.  He  would  have  pers-evcrcd,  however,  if  we  had  fell  »ir- 
ranted  in  holding  out  reasonable  chances  of  a  successful  result  from  a  long  cottne  of 
electrixatlon. 


Premature  ducharge  and  deficient  secretion  of  semen ^  caused  hy  ex€€thv€  HXmi 
indulgence — Reccmery  under  external  and  internal galvanitation  1  11  { f\\\  wdiuttim 
combined  with  medical  treatment. 

Case  CI^ — Mr.  --^ — •,  aged  27,  formerly  a  gymnast,  and  latterly  a  |irinfer»  c<rtH 
Milted  us  in  May,  1S70,  for  sexual  weakness  brought  on  by  abuse  of  theirrgansw  The 
discharge  was  premature,  and  with  less  excitement  than  usual,  and  there  was  a  niaiih 
fcbt  deficiency  of  secretion.  The  patient  was  exceedingly  muscular,  and  his  gcpeni 
heakli  was  aJmost  perfect.  For  that  reason  only  local  treatment  was  employed 
The  organs  were  faradized  in  the  various  methods  twice  a  week,  and  once  a  week 
internal  gal  van  iial  ion  was  employed,  the  metallic  eictrcniity  of  the  catheter  electrode 
being  directcti  as  near  as  possible  to  the  oriBces  of  the  ejaculatory  ducti^  At  Xht 
sa.me  time  the  patient  was  directed  to  take  a  mixture  of  bromide  of  poumum  mi 
wine  of  ergot.  Under  this  combined  treatment  the  recovery  was  complete  ia  twt»« 
ty-five  applications. 

During  the  latter  part  of  the  treatment  the  patient  observed ^  during  i€Xmaiimim* 
tourse,  a  very  great  increase  in  the  quantity  of  semem  discharged. 

Diseases  of  the  Bladder. — The  diseases  of  the  bladder  for  which  elec- 
trization is  chiefly  employed  are  inconiinence  of  urine  and  partMijm, 

Incontinence  of  urine  depends  on  an  irritable  condition  of  the  neck 
of  the  bladder.  While  it  largely  sympathizes  with  other  diseases  and 
the  general  health,  being  frequently  associated  with  hysteria  and  sfROaJ 
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tmtatton,  it  is  yet  oftentimes  a  purely  local  affection.  There  are  vari- 
ous grades  of  the  disease,  from  simple  irritability  that  makes  it  neces- 
sary to  pass  the  water  with  unusual  frequency,  to  utter  inability  to  sleep 
through  the  night  without  unconsciously  **  wetting  the  bed.**  The  for- 
mer condition  exists  mostly  in  adults — especially  in  the  hysterical  and 
the  aged ;  the  latter  is  peculiar  to  the  period  of  childhood.  It  is  pro- 
bable that  the  pathological  condition  in  children  who  nightly  void  theii 
urine  in  bed,  is  not  necessarily  worse  than  that  in  adults  who  only  com- 
plain of  being  obliged  to  pass  the  water  with  abnormal  frequency.  The 
unpleasant  results  in  children  are  due  to  their  profound  sltrep  or  defi- 
cient self-con troL  That  the  pathological  condition  in  children  is  not 
always  of  an  important  character  is  proved  by  the  fact  that  it  sometimes 
yields  to  purely  moral  influences^ 

I  In  the  treatment  of  incontinence  of  urine,  both  external  and  inter- 
nal applications  may  be  used.  In  the 
majority  of  cases  the  internal  applica- 
tions by  means  of  the  catheter  electrode 
(p.  567)  are  not  required.  It  is  needless 
to  say  that  in  young-  children  the  intro- 
duction of  the  catheter  electrode  is  at- 
tended with  difficulty.  The  treatment 
we  prefer  is  faradization  with  strong  cur* 
rents  through  the  neck  of  the  bladder. 
In  niales  one  pole  may  be  placed  over 
the  symphysis  pubis,  and  the  other  at  the 
l>erina^iun ;  in  females  one  pole  may  be 
applied  over  the  symphysis  pubis  and  the 
other  at  the  lower  part  of  the  sacrum. 
Cases  associated  with  hysteria,  or  de- 
pendent on  spinal  disease,  need  central 
and  general  electrization. 

/y^^/i^i/j".— The  prognosis  of  young 
and  recent  cases  is  usually  good.  Long- 
standing cases  also  yield,  but  need  cor- 
resiK)ndLngly  longer  treatment,  and  are 
liable  to  relapse.  Cases  complicated  with 
constitutional  or  central  disease,  which 
are,  of  course,  mostly  found  in  adults, 
have   either  a  favorable   or  unfavorable 

prognosis,  according  to  the  nature  of  the  ^^^^^^  VeXar  Exdtor  or  J 
aialady  with  which  they  arc  complicated*  irode  (Duchenac), 


CLOSED. 
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J^ansis  *  and  Paralysis, — Paresis  and  paralysis  of  the  bladder  iq 
frequently  depend  on  incurable  diseases  of  the  spine,  that  the  prof 
nosis  is,  as  a  rule,  unfavorable  as  regards  a  complete  cure.  Relief  and 
improvement,  even  in  very  bad  cases,  may  be  gained  by  faithful  treat* 
ment,  but  entire  recoveries  are  exceptional. 

The  treatment  should  be  external  and  internal,  with  bodi  the  galv&oic 
and  faradic  currents,  combined  with  central  galvanisation. 

External  applications  may  be  made,  placing  one  pole,  the  negative. 
over  the  symphysis  pubis,  and  the  other  on  the  back,  or  at  the  nape  ol 
the  neck,  and  passing  very  strong  faradic  currents  with  interruptions. 

Internal  applications  may  be  made  either  with  the  insulated  catheter 
electrode,  or  with  Ducheone's  double  vesical  electrode  (Fig.  129). 

The  catheter  electrode  may  be  connected  with  the  negative  |>oic 
while  the  positive  is  at  tiie  hypogastric  region  or  back.  By  means  of  the 
double  exciter  of  Duchenue  the  current  can  be  more  exclusively  local- 
ized in  the  muscles  of  the  bladder  than  by  any  other  method. 

Gotwrrlma, — It  would  not  be  unreasonable  to  suppose  that  gonor- 
rhoea in  its  subacute  stage  might  be  treated  by  electrization  with  at 
least  as  satisfactory  results  as  subacute  in d animations  of  the  muooos 
membrane* 

We  have  had  opportunity  to  test  faradization  in  three  cases  of  gonor- 
rhcea  while  the  inilamination  was  in  quite  acute  stages. 


Gon&rrhmu —  Ttmp&mry  increase  of  ucriHon  undtr  faraditAtion — Rit»trj, 
Case  CLI.-^A  gentlemin  requested  us  to  try  on  him  electrical  treatmeni  fof  u 
Attack  of  {^QHorrhcca  that  he  had  recently  contracted.     We  consented  tu  do  so,  w\\k 
the  understanding  ihat  the  treatment  should  be  considered  as  expcnjnentalp  fniftfii!*^ 
OS  we  had  treated  but  one  case  of  ganorrhcra  by  electricity. 

We  employed  local  external  faiadization  through  the  penis,  without  regard  lo  tkl 
direction  of  the  current.  After  four  applications  he  represented  that  be  was  corei 
In  this,  as  in  another  case,  there  was  some  temporary  increase  of  the  tii«thnl  «at* 
tion  after  the  fii-st  two  applications. 

These  cases  may  be  taken  for  what  Ihey  are  worth ;  they  are  the 
only  cases  of  the  kind  in  which  we  have  ever  attempted  electrical 
treatment. 

Chronic  urethris  {gleet)  we  have  treated  by  mild  galvantzatton  with 
the  catheter  electrode  and  sounds^  and  with  encouraging  results. 
Electricity  thus  used  acts  well  as  an  adjuvant  to  the  other  treatment, 
just  as  in  catarrh  of  the  nose,  granular  lids,  chronic  ia^ammadao  of  the 
middle  ear,  and  analogous  conditions. 

*  From  itapcmi^  txhwasxicm. 
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Syfhilis. — The  severe  pains  of  secondary  syphilis  are  to  a  certain 
extent  relievable  by  general  and  localized  faradization,  as  we  have  de- 
monstrated in  a  few  instances ;  concerning  the  permanency  of  theii 
effects  we  have  as  yet  no  positive  evidence* 
I      (For  the  treatraent  of  syphilitic  ulcers,  see  Ulcers,) 

Buboes  may  be  discussed  by  exttrrnal  faradisation,  and  have  been 
BO  treated  by  Hassenstein.*     Chovstek  has  used  galvanization. 

Orchitis, — The  electric  treatment  of  orchitis  has  been  particularly 
studied  by  Drs,  Jules  Cheroii  and  Moreau-Wolf.f 

They  give  the  results  of  the  treatment  in  nine  successful  cases. 
Their  method  of  treatment  was  to  direct  a  galvanic  current  from  ten 
to  twenty-four  cells  of  Reniak,  through  the  tumor,  from  two  to  eight 
minutes.  Sometimes  the  positive  pole  was  placeil  on  the  most  pain- 
ful point  of  the  swelling,  and  the  negative  on  the  spermatic  cord.  The 
authors  regard  the  ascending  current  (up  the  cord)  more  effective  than 
the  descending. 

Most  of  their  cases  were  cured  by  a  few  (from  four  to  ten)  applications, 
'      The  great  advantage  which    the  authors  claim  for  this  method  of 
treatment  in  orchitis  is,  that  the  patient  is  net  obliged  to  suspend  his 
daily  duties,  since  absolute  repose  is  not  necessary* 

Ckromu  orckitit  of  six  months  standirtg  in  a  syphilitic  patient — Approximate  re* 
effvery  under  external  galvanization  and  faradization. 
Cask  CLtL— Mr,  W,^  aged  2S,  cotisahcd  us  in  October,   1870,  for  an  enlarge* 
ment  of  the  left  testicle  thai  had  troubled  him  for  six  months.    It  was  about  twice  the 
size  of  the  right  testicle.     There  was  no  pain,  but  a  constant  sense  of  weight.     The 
patient  was  suffering  from  secondary  syphilis,  and  had,  in  Itmcs  pant,  repeatedly  expe- 
rienced attacks  of  gonorrhoea.     Stable  gatvanLzalioii  with  a  current  that  was  com* 
fortably  borne  was  employed  for  ten  minutes,  the  positive  pole  being  applied  over  tht 
testicle  at  different  points,  and  the  negative  pole  over  the  spermatic  cord.   The  patient 
stated  that  the  testicle  felt  less  disagreeable.     In  two  days  ihefe  was  an  apparent 
diminution  in  size.     Three  more  similar  applications  and  one  faradixation  produced 
I  ma  almost  complete  recovery^ 


Enlargement  of  the   Prostate. — ^The  electrical  treatment  of  hyper- 
trophy of  the  prostate  has  been  studied  by  Tripier,J  who  has  demon- 
strated that  the  effect  of  faradization  of  this  organ  when  enlarged  is  to 
cause  resolution.     The  rationale  of  the  treatment  is  substantially  the 
*saine  as  for  analogous  conditions  of  the  uterus.     The  subject  is  one 

•  Chemisch- Elect rische  Hetlwerke,  Leipdg,  1853. 

f  Du  Traitement  de  rOrchite,  par  ^application  ies  cooranCs  contLaus  const aiit% 
Paris,  1S69. 
%  Miinael  d'^lectroth^rapie,  p,  567. 
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that  deserves  investigation  Either  the  galvanic  or  the  faradic  curreot 
may  be  employed.  One  pole  may  be  applied  internally  by  means  of 
an  insylated  catheter  electrode  or  sound,  and  the  other  in  the  rectum 
against  the  prostate,  by  means  of  a  rectal  electrode.  We  have  treated 
one  case  of  enlarged  prostate  by  internal  and  external  faradiiatioo. 
The  patient,  a  medical  gentleman  about  sixty  years  of  age,  was  scco  and 
examined  by  Dr.  Gouley,  who  coniimied  the  diagnosis  of  enlarged  proi* 
tate.  We  treated  him  a  number  of  times  by  external  faradization-- 
one  pole  on  the  symphysis  pubis  and  the  other  on  the  perinaeum — and  by 
internal  faradisation,  one  pole  in  the  rectum — insulated  except  at  the 
point  where  it  came  near  the  prostate — and  the  connection  made  in  the 
prostatic  portion  of  the  urethra,  by  a  flexible  sound,  passed  through  a 
gum  elastic  catheter,  according  to  the  suggestion  of  Dn  Gouley.  Applied 
in  this  way  tlie  electrodes  were  very  near  to  each  other  and  in  sensitive 
localities,  and  only  i^ery  f^ebU  currents  could  be  borne^  and  sometimes 
slight  hemorrhage  followed  the  treatment  in  spite  of  all  the  caution  that 
was  exercised.  It  was  found  impossible  to  use  sufficiently  strong  cur- 
rents by  this  method  to  produce  any  effect,  and  again  we  returned  to 
partly  external  faradization.  This  treatment,  which  seemed  to  aggravate 
a  cystitis  that  existed,  was  abandoned. 

Dr,  Mittendorf^  of  this  city,  informs  us  that  he  has  obtained  decided 
results  in  enlargement  of  the  prostate,  in  two  cases.  He  used  external 
faradization — one  pole  over  the  symphysis  pubis  and  \X\t  other  at  the 
perinaeum. 

Dbeases  of  the  Rectum. — Electrization  has  been  used  for/r^/j/zsi 
ani^  paralysis  oj  the  sphincter,  and  hemorrhoids. 

The  current  can  be  verj'  well  localized  in  the  rectum  by  mcAns  of  a 
rectal  electrode  (seep.  531),  which  mayor  may  not  be  partly  insu- 
laled.  The  rectum  is  but  little  sensitive,  and  will  bear  strong  car* 
rents.  The  rectum  may  also  be  treated  by  a  double  rectal  exciter, 
analogous  to  that  which  is  used  in  the  bladder.  When  a  single  electrode 
is  used,  one  of  the  poles  should  be  placed  on  the  spine. 

Prognosis, — Paralyses  of  the  sphincter  that  depend  on  local  disease, 
like  paralysis  of  the  bladder  depending  on  the  same  cause^  rarely  offer 
a  perfectly  favorable  prognosis* 

In  prolapsus  ant  Benedikt*  claims  a  few  mostly  good  results.  Wc 
have  treated  one  long-standing  case  without  bene6t, 

hemorrhoids. — Piles,  external  and  internal,  may  be  treated  by  both 
currents  applied  internally.  Relief  of  itching,  pain,  and  permanent  im- 
provement in  the  tone  of  the  parts  are  derived  from  this  treatment. 
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The  disease  of  the  lajynx,  for  which  electrization  haf  been  almost 
exclusively  used,  is  ^7/A^;i/tf,  a  condition  which  arises  from  many  morbid 
states. 

Anamia  and  Inflammaiion. — External  electrization  of  the  throat  is  of 
service  as  an  adjunct  in  the  treatment  of  inflamed  and  irritable  con« 
ditions  of  the  larynx,  but  only  in  rare  cases  has  it  been  thus  employed- 
We  have  found  that  faradization  of  the  neck,  for  from  two  to  five 
minutes,  has  an  appreciable  and  agreeable  effect  in  diminishing  the 
irritation  produced  by  cauterization^  and  when  continued  exerts  a  tonic 
influence  on  the  organ.  In  cases  of  diseases  of  the  larynx,  connected 
with  hysteria  or  anaemia,  the  local  treatment  is  materially  aided  by 
general  faradization* 

Subacute  and  chronic  inflammations  of  the  pharynx  are  also  treated 
with  some  success  in  the  same  way,  and  on  the  same  principles. 

Method  of  External  Electrization, — The  larynx  may  be  electrized  ex- 
ternally by  various  positions  of  the  electrodes.  One  pole  may  be  placed 
at  the  back  of  the  neck  and  the  other  just  above  the  manubrium  sterni, 
or  the  poles  may  be  pressed  against  the  larynx  by  the  inner  border  of 
the  sterno-cleido  mastoid  muscle,  or  one  of  tlie  poles  may  be  in  the 
band  of  the  patient*  These  methods  are  best  adapted  for  the  pur- 
poses of  producing  a  sedative  or  tonic  effect  on  the  inflamed  and  irrita- 
ted membranes.  We  have  frequently  used  this  treatment,  for  about 
five  minutes  after  the  application  to  the  larynx  of  irritating  caustics, 
with  satisfactory  results.  There  is  no  question  that  the  faradic  currenti 
employed  perseveringly  by  these  methods,  and  in  cases  of  anaemia  and 
general  debility,  by  general  electrization,  will  alone  accomplish  some- 
thing in  anaemia,  subacute  inflammations,  and  nervous  debility  of  the 
larynx. 

Aphania  — ^Tliere  are  few  local  disorders  that  yield  more  uniformly  of 
readily  to  any  method  of  treatment  than  aphonia  to  electrization.  In 
^rdcr,  howcverp  to  form  a  correct  idea  of  its  value  in  these  cases,  or  tc 
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inteUigenily  communicate  the  results  of  electrical  treatment,  it  isneccs 
sary  to  have  not  only  a  knowledge  of  the  general  nature  of  the  discas* 
but  to  appreciate,  so  far  as  possible,  the  exact  pathological  condition 
of  each  individual  case.  Above  all,  it  is  necessary  to  decide  wheihei 
the  symptom  is  of  an  organic  or  of  the  so-called  functional  character, 
Mackenzie,  who  has  had  an  extended  experience  in  nervous  affections 
of  the  larynx,  and  iheir  treatment  by  electrizarion  and  otherwise,  adopts 
the  following  nomenclature  of  the  paralyses  of  the  muscles  acting  on 
the  vocal  cords  :  * 

1.  Bilateral  paralysis  of  the  adductors. 

2.  Untlateral  paralysis  of  the  adductors. 

3.  Bilateral  paralysis  of  the  abductors* 

4.  Unilateral  paralysis  of  an  abductor. 

5.  Paralysis  of  the  tensors, 

6.  Paralysis  of  the  laxors. 

Ti^tJSrit  of  the  abovc-nicntioncd  pathological  conditions  of  aphonia  is  Hi||wrf  l| 
depend  most  frequently  upon  hysteria  and  debility,  and  readily  yields  to  tr^tONaMt 
In  these  cases,  however,  which  arc  too  frequently  but  the  local  manifestation  of  a  oofr 
?titutional  disorder,  it  has  been  our  custom  to  rely  on  general  as  well  as  localind 
electrization. 

Central  difficulty  is  rarely  acause  of  bilateral  paralysis  of  the  adductors^  but  it  Hoot 
uncoramon  in  certain  stages  of  phthisis*  In  57  cases  of  phthisis,  examined  by  Blacken- 
Eie,  it  which  the  voice  was  affected,  he  found  that  in  26  there  was  ihickemiig  of  coo- 
geslion  of  the  mucous  menibranc  of  the  larjnx,  while  in  it  the  affection  was  patdf 
functional.  Aphonia,  therij  coexisting  with  pulmonary  tuberculosis^  may  often  be 
readily  iclvcved  by  local  treatment  alone* 

Hysteria  and  debility  arc  not  so  frequently  the  cause  of  unilateral  paralysis  of  tbe 
adductors  fts  of  ibe  first^named  condition.  This  second  cause  of  aphonia,  hometov 
may  be  due  not  only  to  phthisis^  but  to  toxsemic  poisoning,  to  sypbilb,  to  coidii  to 
muscular  strain^  and  even  to  cerebral  disease.  We  would  naturally  infer  that  thil 
form  of  aphonia  would  be  more  persistent  than  the  first -named. 

Clinical  experience  has  confirmed  tbis  inference. 

Bilateral  paralysis  of  the  abductors  of  the  vocal  cords  has,  unfortunately,  for  to 
causation,  in  the  majority  of  ca-se-%  some  central  difficulty. 

The  prognosis  is  of  course  most  serious,  but  fortunately  this  condition  is  very  nrdj 
met  with.  Unilateral  paralysis  of  an  al>ductor,  although  depending  on  tbe  SAme  gCB* 
cral  cause  as  the  bikteral  form,  yet,  more  frequently  than  the  last-named,  it  is  eidtcd 
by  some  peripheral  irritation,  as  pressure  on  the  pneumogostric  Derve,  or  apoQ  one 
recurrent  nerve,  by  an  aneurism  of  the  arch  of  the  aorta.  The  p'.3gnosis  in  thcs 
cases  is  also  unfavorable. 

Paralysis  of  the  tensors  and  laxors  (both  the  bilateral  and  imilateral  form)  sre  lop* 
posed  lo  result,  in  the  majority  of  cases,  from  a  too  prolonged  or  violent  use  of  iM 
votcei     Both  are  said  to  be  quite  amenable  to  treatment. 

•  On  the  Laryiigosropc,  etc.,  p.  183,     Also  Hoarseness,  Loss  of  Voice,  And  J 
almis  Breathing,  in  Relation  to  Nervo- Muscular  Affections  of  the  Laiysuc.  186& 
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5pasni  of  ihe  muscles  controHing  the  vocal  cords  is  an  additional 
cause  of  aphonia. 

Treatment. — Mackenzie's  method  is  to  make  the  application  directly 
to  the  cords  by  means  of  laryngeal  electrodes  (p.  632)  devised  by  him. 
He  uses  the  faradic  current. 

The  direct  appUcation  of  electricity  to  the  vocal  cords  is  undoubtedly 
more  efficacious  in  restoring  loss  of  voice  than  simple  external  appli- 
cation. This  latter  method  is,  however,  underrated  when  it  is  said  that 
it  "  seldom  restores  the  voice  when  it  has  been  lost  any  length  of  time/* 
Several  cases  that  we  have  treated  at  various  times  illustrate  ^^xy  deci- 
dedly the  beneficial  results  that  may  follow  external  applications,  even  in 
cases  where  the  disorder  has  persisted  several  months.  We  are  the 
more  gratified  to  be  able  to  make  this  statement  from  the  fact  that  the 
external  is  much  more  readily  performed  by  the  operator  than  the  inter- 
nal application,  and  is  far  more  agreeable  to  the  patient.  It  is  far  better 
at  hrst,  in  all  ordinary  cases,  to  make  use  of  the  external  method  ;  and  if 
it  does  not  succeed,  it  is  time  enough  to  resort  to  ihe  direct  application* 
I  The  instrument  of  Mackenzie  is  thus  described  in  his  own  words : 
p  **  It  consists  of  two  parts,  v\z,^  the  necklet,  which  the  palient  wears, 
and  to  which  one  chain  of  the  battery  is  attached,  and  the  laryngeal 
electrode  itself,  which  is  connected  with  the  other  conductor.  The 
electrode  is  so  constructed  (see  cut)  that  the  current  docs  not  pass 
beyond  a  certain  point  until  the  pole  is  seen,  in  the  laryngeal  mirror, 
to  be  upon  the  vocal  cords,  when  the  operator  touches  a  little  spring  in 
the  handle,  and  the  current  immediately  passes  through  the  laryngeal 
muscles.  The  necklet  should  be  worn  rather  low,  so  that  it  covers  the 
sides  of  the  cricoid  cartilage,  and  the  space  between  it  and  the  thyroid. 
In  this  way  the  lateral  adductors  of  the  cords  (crico-ary  tenoidei  laterales) 
can  be  most  easily  reached  \  and  the  arytenoideus  proi>rius,  or  central 
adductor,  may  be  electrified  by  placing  the  pole  on  the  posterior  sur- 
face of  the  arytenoid  cartilages. 

*'  I  generally  keep  the  pole  in  the  larynx  for  three  or  four  seconds 
each  lime  it  is  introduced,  and  pass  a  succession  of  short,  rapid  shocks 
through  the  larynx  ;  and  at  each  sitting  I  apply  the  pole  to  the  interior 
of  the  larynx  three  or  four  times." 

Mackenzie  is  of  the  opinion  that  the  effects  are  of  a  fiflex  as  well  as 
direct  character. 

Meyer*  reports  successful  results  in  the  treatment  especially  of  hys- 
terical aphoiia  by  the  electric  moxa,  applied  to  the  larynx. 


*  Op.  cit.,  p.  436  et  seq. 


electric  moxa  in  hysterical  aphonia.     It  should  be  borne  in  mina  in 
in  hysterical  aphonia  any  form  of  irritadon,  external  or  intemalf  ek  ^ 
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trical  or  otherwise,  may  cause  instantaneous  cure*  Some  of  the  most 
brilliant  achievements  of  mesmemers  and  of  those  who  practise  laying 
on  of  hands  and  other  flummeries,  have  been  made  in  hysterical  aphonia. 
Kind  of  Current  to  be  Emphy€d,—Vox  electrization  of  the  larj^nx, 
'Ktemally  and  internally,  both  currents  have  been  used  with  success. 


IRRITATION   OF  THE   MUSCLES   OF  THE   LARVNX.* 


B  CrU&4hyroid, — This  muscle  may  be  caused  to  contract  by  applying 
pointed  electrodes  by  the  conoidal  ligament.  The  effect  of  the  con- 
traction is  to  cause  the  annular  and  thyroid  cartilages  to  approach 
each  other. 

Arytenoid  Trann*erse^  at  the  posterior  surface  of  the  arytenoid  carti- 
lages. The  effect  of  the  contraction  of  the  muscles  is  to  cause  the 
cartilages  to  approach  each  other. 

Crico  arytenoid  and  Thyroarytenoid  muscles^  in  the  sinus  pyriformls, 
between  the  posterior  border  of  the  thyroid  cartilages  and  the  plate  or 
fuiface  of  the  cricoid  cartilages. 

Crico-arytenoid  Posterior  (dilator  of  the  glottis),  downward  and  back- 
ward from  the  sinus  pyriformis, 

Crico  arytenoid  lateralis^  in  the  sinus  pyriformis  on  the  exterior 
border  of  the  surface  of  the  annular  cartilage.  Contraction  of  these 
muscles  produces  rotation  of  the  cartilages  of  the  larynx,  with  move* 
ment  of  the  vocal  cord  toward  the  median  line. 

Thyroarytenoid^  beneath  the  anterior  superior  border  of  the  crico- 
mrytenoideus  lateralis.  Contraction  of  this  muscle  brings  the  cartilages 
of  the  larynx  forward  and  downward,  and  narrows  the  glottis. 

Thyr(^  epiglottic  and  ary-epigiottic  muscles^  at  the  border  of  the  epi- 
glottis. 

Prognosis  in  Aphonia, — The  prognosis  in  aphonia  depends  entirely 
on  the  pathology.  In  functional  (bilateral  paralysis  of*  the  adductors) 
aphonia  the  prognosis  is  more  favorable  than  in  almost  any  other  dis- 
ease that  is  known  to  science.  The  majority  of  cases  will  recover, 
whether  external  orintemal  applications  are  used,  although  Mackenzie 
^■contends  that  the  recovery  is  much  surer  and  speedier  than  when  only 
1^ internal  applications  are  used.  He  says,  out  of  more  than  tiuo 
hundred  such  cases  he  has  succeeded  in  all  except  four.  In  some 
^■cf  these  cases  the  aphonia  was  of  six,  seven,  and  even  eight  years' 
^standing. 

*  The  sahject  of  direct  electrization  of  the  laryngeal  muscles  lui  been  ^adLed  b| 
Zlcmssen.     Eleklricitat  in  der  Metlkin,  iS66. 
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In  unilateral  paralysis  of  the  adductors  the  prognosis  is  good  whet 
the  origin  is  local,  and  bad  when  it  is  central. 

In  bilateral  paralysis  of  the  abductors  and  unilc^trcU paralysis  ^Mt 
abductor  the  prognosis  is  unfavorable. 

\t\  paralysis  of  the  tensors  of  the  vocal  cord  the  prognosis  is  usuaU^ 
favorable. 

in  paralysis  of  the  laxors  of  the  vocal  cord  the  prognosis  is  on  the 
whoJe  favorable,  but  much  time  is  required. 

Aph&nia  of  four  month f  standing  ^  caused  hy  exposure  to  coH^Retovery  etftir  tktm 

external  Jaradi sat iom. 

Cask  CLTIL— Min  F.,  a  robust  youuglady  of  i8,  consnltei  as  in  October,  fS6S, 
for  a  per<iistent  nntl  an  a1mo<%t  complete  aphonia,  from  which  she  bad  been  snfier* 
ing  wilboul  any  rdtcf  fur  four  months, 

bhe  statett  ihat  on  tlic  evening  of  the  nttack  she  was  enjoying  a  sail  with  a  panf 
of  yoting  fT lends  on  one  of  our  rivers.  She  had  foi  some  time  previously  cofoplatne) 
of  slight  irritation  of  throat,  but  it  caused  but  little  unnoyancc.  The  even mg  was 
somewhat  damp,  ami  the  patient  careleKsIy  uncovered  her  head  durifig  the  v^  hole  rime 
the  party  remained  in  the  boat.  While  wnging,  and  endeavoring  to  strike  a  «jy 
high  note,  she  felt  as  if  something  in  her  throat  had  "relaxed  or  suddenly  gmn 
way.**  For  one  week  she  remained  so  completely  aphonic  that  she  could  not  titter 
an  intelligent  word.  In  the  course  of  another  week,  however,  she  could  speak  At 
times  so  as  to  he  understood,  but  only  with  considerable  difficulty,  and  not  abcrtti 
ivry  feeble  whisper.  At  this  point  all  improvement  ceased,  and  no  form  of  mevika* 
tion,  or  external  or  internal  application,  seemed  to  be  of  any  benefit  whatrttr. 
Laryngo!^opic  examination  revealed  the  following  condition  of  the  parts  aHiedeA; 
On  attempting  to  speak  the  right  vocal  cord  remained  almnst  if  not  quite  motioalesi) 
while  its  fellow  approached  the  median  line.  It  was  evident  from  the  feeble  tad 
imperfect  working  of  the  teft  cord,  that  it  also  was  considerably  involved  and  doubt- 
less had  been  completely  paralyzed.  The  surrounding  tissues  were  comsidenllf 
congested. 

The  negative  electrode  was  placed  npon  the  Rpine,  between  the  shooMer-bU^fs 
and,  tilling  our  fingers  as  electrodes,  we  pasited  a  steady  current  through  the  n«dt 
for  about  ten  minute;^  At  the  conclusion  of  the  sifance,  the  patient  could  spesi 
in  quite  a  loud  'w'his|>er,  and  a  second  examination  with  the  laryngoscope  revealei 
the  fact  that  the  ri|«ht  vocal  chord  perceptibly  approached  the  median  line  during  the 
act  of  phonal  ion.  The  voice  of  the  patient  gainetl  strength  rapidly,  until,  in  foof 
days,  and  after  receiving  but  two  similar  applications,  she  was  able  to  speak  as  food 
and  sing  as  vigorously  as  ever. 

Aphonia  folltnving  dipht*%eria^Rapid recmtry   under  direct  JaraditoHm  0/  tit 

musflex  af  the  glottis. 

Case  CLIV.—  Miss  G.,  aged  22,  and  suffering  from  functional  aphouU  nhseqncDt 
to  a  slight  diphtheritic  attack,  consuhe<l  us  in  the  spring  of  *7I,  Her  tnabOiiy  ti 
ipeak  above  a  whisper  had  existed  some  two  weekSi 

Exantih.aiion  with  the  laryngoscope  revealed  bilateral  paralysis  of  the  musckf,  dst 
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lug  the  glottis,  with  m.  slightly  congcttcd  condition  of  the  suironnding  tissoe*.  Thf 
pAticnt  WHS  anaemic,  and  excessively  nervous,  ojid  in  the  treatment  we  alternated  geo* 
eral  faradization  with  direct  faradization  of  the  muscles  of  the  glotlis. 

The  tonic  effects  of  these  applications  were  soon  manifest,  not  only  in  the  laryngeal 
muades,  but  upon  the  system  generally  as  wclK 

She  gained  rapidly  in  nervous  vigor,  and  within  two  weeks  her  strength  of  iroic« 
entirely  returned. 

Dn  F.  I.  Knight,*  of  Boston,  has  reported  a  case  of  complete  paralysis 
of  one  recurrent  laryngeal  nerve,  and  partial  paralysis  of  the  other,  that 
was  benefited  by  the  galvanic  current  locally  applied. 

The  following  case  we  transcribe  from  Mackenzie's  work: 

l/ytphoma  9/  ay  tar*  s  duraiitm^  from  paralysis  if  tfu  laxors  of  thi  right  vo€at  £orM 

€ur£d  by  ilectridty, 

''Madam  C— ^,  aged  34,  a  professional  singer,  consulted  me  in  May,  1865,  on 
account  of  a  difficulty  she  liad  experienced  during  the  last  year  in  forming  her  lower 
notes.  Her  voice  in  the  ordinary  way  extended  from  d  almve  the  line  to  a  below.  A 
year  agp  she  first  experienced  slight  difficulty  in  forming  the  lower  0,  and  in  January 
she  could  not  reach  l>eyond  h.  During  the  last  two  months  she  had  not  been  able  to 
sing  at  all,  even  in  private.  She  broke  down  directly  she  attempted  even  a  few 
notes.  She  attributed  the  loss  of  power  to  a  strain,  as  she  first  noticed  the  didicuUy 
nfter  the  performance  of  a  long  and  trying  cantata,  which  had  been  twice  encored. 
At  the  time  she  had  experienced  'a  stinging  sensation,  extending  from  the  right  side 

I  of  the  throat  up  towards  the  car/ 

I  '*She  had  been  amstantly  under  treatment  since  her  voice  first  became  affected. 
I'he  only  thing  which  had  seemed  to  do  her  good  was  a  solution  of  caustic  applied  to 
the  throat  with  a  piece  of  sponge  at  the  end  of  a  whalebone  rod.  But  though  this 
treatment  always  gave  temporary  relief,  there  was  no  permanent  improvement.  On 
making  a  laryngoscopic  examination,  the  parallelism  between  the  vocal  cords  was  seen 
to  be  losty  the  right  cord  curving  away  in  the  centre  from  the  median  line. 

**The  treatment  (direct  electrUation  of  the  right  vocal  cord)  was  tong  and  tedious 
in  this  case.  At  the  end  of  six  weeks  there  did  not  appear  to  be  any  improvement, 
and  I  should  have  given  tt  up  had  not  the  patient  most  earnestly  begged  of  me  to 
continue  a  tittle  longer.  I  was  glad  that  \  did  so«  for  a  fortnight  later  the  patient 
perceived  a  marked  improvement  in  Che  voice.  In  order  to  test  the  voice  I  used  to 
allow  the  patient  to  sing  a  few  notes  once  a  week,  but  at  no  other  time.  At  the  end 
of  three  months  tlie  voice  was  decidedly  improved,  and  the  following  autumn  the 
voice  was  so  completely  restored  that  the  lady  was  able  to  accept  an  engagement 
in  Madnd/' 

Spoimm  Gtottidis  (Laryngismus  Stridulus — Spasm  of  the  Glot- 
iiS*) — In  this  affection,  which  is  acknowledged  to  be  of  a  nervous  char- 
acter, electrical  treatment  is  indicated  on  the  satne  principles  on  which 
It  is  indicated  in  torttcoUis^  writer's  cramp ,  and  facial  spasm. 

The  disease  is  caused  by  any  influences  that  depress  the   system. 

*  See  Archives  of  Electrolog}-  and  Neiyrology,  May,  iS/^ 
J7 
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In  children  it  may  arise  by  reflex  action  from  the  irritation  of  tcclhii;g 
or  of  worms  ;  in  adults  ic  is  oflen  an  accompan'ment  of  hysteria,  and 
arises  from  diseases  of  the  sexual  organs.  , 

Treatment. — General  faradization  and  galvanization  of  the  sympA- 
thetic,  and  external  galvanization  and  faradization  of  the  larynx  by  any 
of  the  methods  previously  described. 

Tobold  reports  success  with  peripheral  and  central  galvanization  in 
this  disease.  A  strong  maiden,  23  years  of  age,  who  w^as  attacked  regu- 
larly  every  night  with  severe  spasms  of  the  larynx,  was  entirely  aired 
in  four  iveeks  by  galvanization- 

Nervous  Cough, — Electrical    treatment  is  sometimes   excellent  fot 
nervous  cotighs  of  various  kinds.     External  faradization  or  galvanii^^  j 
tion  or  central  galvanization  are  indicated. 

The  following  unique  case  may  as  well  be  inserted  here  : 


SpasmadU  e&ugh^   unique  in  tharaeter,  and  of  tmusual persiiteney  amd  teotri^ 

Recovery  under  central  galvanixati&H, 

Cass  CLV. — Miss  H.,  aged  16,  was  transferred  to  our  care  by  the  Ctmlly  ^^bif^  I 

mn,  Dr.  H.  H.  Gregory.  The  case  is  an  example  of  an  unusually  Kusceptil>le  irer^oM 
drgatiiiation,  and  is  a  good  iUustration  of  the  readiness  with  which  many  so-cansA 
nervous  symptoms  change  their  seal  and  character.  The  dislioct  and  positiTC  fetfara 
that  stand  so  botdly  relieved  in  the  progress  of  this  p&rticutar  case,  may  scrre  ioefr  ^ 
plain  the  more  subtle  and  less  marked  changes  of  symptoms  that  so  often  occv  tl 
certain  nervous  diatheses  only  to  perplex  and  Lo  set  at  naught  t he  resioiij-oes  of  iber*- 
peutics.  The  patient  was  a  lively,  impressible  girt,  prone  to  physic&l  Indtscreliooiv 
and  careless  of  consequences.  She  had  suffered  for  a  number  of  years  from  frerjneBl 
and  unusually  severe  attack<b  of  <iick- head  ache,  but  as  soon  as  the  paroxysm  had  ysmdk 
away,  she  regained  her  nsiial  strength  and  buoyancy.  The  sndilcn  and  vsaexfisd/dk  1 
death  of  a  sister,  naturally  enough,  stirred  up  her  emotional  nature  to  its  depfh^  tad 
together  with  an  imprudent  expjsurc  of  her  person  to  cold  and  dampness^  sermsl  W 
be  the  exciting  cause  of  a  mosi  remarkable,  persistent,  and  distressing  cough^  whkhi 
alight  at  first,  reached  its  height  in  seventy  in  the  month  of  March^  1872.  .Imid  iM 
num!>erlcss  efforts  timt  were  made  by  both  internal  medication  and  inhalaiwiB^  bot 
one  rcmeily  seemed  to  be  of  the  slightest  service.  For  a  time  the  paroxysms  ceemH 
to  abate  somewhat  ynder  the  inftuence  of  chloral,  although  no  permanent  benefit  ml 
derived  from  its  use»  When,  during  the  latter  part  of  July,  we  first  saw  the  CiJ«; 
through  the  kindness  of  Dr.  Gregory,  the  following  was  the  prominent  :haracf«rterif 
of  her  paroxysmal  attacks  :  Every  one  wdl  instantly  recognise  the  peculiar  harsh  01 
grating  sound  which  is  so  often  elicited  by  the  downward  thnisl  of  a  sa*  that  b  im- 
properly handled  or  insuffiLiently  oiled.  The  cough  of  our  patient  exactly  simuljkta) 
this  sound,  and,  when  it  first  fell  upon  our  ears,  we  supposed  that  •ome  one  ««s«ii^ 
ing  in  the  adjoining  room. 

During  a  paroxysm,  the  expiratory  efforts  were  just  one  a  second  in  fre^iucncy,  «-! 
from  a  dozen  to  sixty  in  number. 

The  violence  of  the  attack  would  rark  hei  terribty,  and»  when  prolof^ed,  was  foir 
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lowed  by  considerable  exbaustion.  The  paroxysms  themselves  occurred  so  orten, 
some  twenty  or  twenty-five  times  during  the  twenty-four  hours,  that  &he  was  neces- 
sarily obliged  to  give  up  all  attendance  at  places  of  public  resort,  and  confine  ber- 
■elf  mostly  at  home. 

On  accfiuat  of  our  absence  from  the  city  roost  of  the  month  of  Auj^st^  the  pa- 
tient was  not  fairly  submitted  to  our  treatment  until  September,  We  then  s^ubmitted 
her  to  a  thorough  li^rytigoscopic  examination,  and  found  nothing  abnormal,  with  the 
exception  of* a  slight  tendency  to  congestion  of  the  local  ckords.  To  dissipate  any 
doubt  in  regard  to  the  existence  of  pulmonary  disease,  the  patient  was  thoroughly  ex- 
amined by  Dr>  Au.stin  Flint,  who  pronounced  the  lungs  to  be  in  a  healthy  condition^ 
and  agreed  as  to  the  essentially  nervous  origin  of  the  symptoms. 

In  the  treatment  of  the  case  by  central  galvanisation  we  were  gratified  to  observe, 
after  the  first  few  tentative  applications,  on  appreciable  improveinent  in  the  charac« 
tcr  of  the  cough.  Instead  of  that  harsh  and  painful  sounds  resulting,  as  we  believed, 
from  the  exceedingly  tense  condition  of  the  vocal  chords,  the  cough  as&timcd  a  softer 
oa-  looser  character,  and  was  much  less  disturbing ;  this  we  conceived  depended  on 
the  decreased  local  spannodic  action.  Freed  from  wearisome  details,  the  subsequent 
history  of  the  case  is  included  in  the  simple  statcmeni  that  the  patient  improved  from 
time  to  time,  until,  after  two  months  of  treatment,  and  the  administration  of  some 
thirty-five  applications^  the  recovery  was  perfect. 

Two  y^^rs  have  now  elapsed  since  recovery,  but  the  patient  remains  wdlL 

lo  the  case  of  a  young  girl  sent  to  us  by  Dr.  Learning,  there  was  a 
nervous  cough  that  perfectly  resembled  the  barking  of  a  dog.  Laryix* 
goscopic  examinauon  revealed  nothing  to  account  for  the  strange  symp- 
tom.    Electrical  treatment  accomplished  nothing, 

Hypermsthesia  of  the  Larynx, — Cases  of  this  disease  have  been  re- 
ported by  Gerhardt  and  Hanfield  Jones.  They  may  be  either  constant 
or  intermittent.     The  following  case  is  quite  remarkable : 

Hyptrasikena  &/  larynx  with  nertHms  aphonia  of  ont  yearns  standing — No  visi' 

bU  ittifiH^  (tut  slight  tuhereulous  deposit  on  tung —  Great  pain  from  talking^- 

/if&  Rilief  undtr  central  and  local gaivanisation^ 

Case  CLVI, — Miss  B ,  a  youn^  lady  from  Chicago,  was  referred  to  us  by  Dr. 

Johnson,  of  that  city,  December  16,  1S71. 

The  patient  was  of  a  delicate,  thoroughly  American  type,  but  no  more  nervous  than 
thousands  of  our  couutr3rwomen. 

For  one  year  she  had  suffered  from  absolute  aphooia.  The  laryngoscopic  examina- 
tion of  Dr.  Johnson,  her  physician  in  Chicago,  and  of  others,  indicated  no  local  lesion 
that  could  well  account  for  her  symptoms,  although  a  slight  tuberculous  deposit  of  a 
passive  and  stationary  character  was  detected  by  Dr.  Clark  in  one  lunjf.  All  the 
accompanying  symptoms  pointed  to  a  nervous  origin  of  her  disease.  The  by perresthesia 
«ras  very  remarkable.  The  patient  said  the  pain  from  whispering  was  so  great  that, 
••when  I  try  to  whisj^^cr  1  suffer  terribly,  become  diziy,  and  have  pain  in  my  ear/*  **  1 
often  feel,"  she  continued,  **as  if  every  word  I  whispered  grated  on  the  vocal  cords^ 
and  to  laugh  would  make  thf  cords  ach^J**  Almost  coniinuaUy  there  was  pain  in  tlit 
throat,  and  on  this  account  her  niights  were  wakeful. 
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The  evidence  wai  pretty  dear  that  the  nerves  supplying  the  larynx  were  in  a  co» 
dition  of  great  hypersesthesii,  produdng  a  condition  analogous  to  vagintsmaiL 

In  Chicago  Dr.  Johnson  had  used  electrical  treatment,  with  a  view  to  esdte  the 
action  of  the  cord,  without  benefit.  Stable  galvanization  was  used,  mainly  with  the 
view  of  calming  the  irritability  and  reducing  the  hyperaesthesia,  bat  without  sacceft 
In  about  a  month  the  patient  went  South  for  the  winter,  and  we  have  not  seen  her 
since  that  time. 

One  amongst  other  interesting  points  in  this  case  is  the  clinical  proof  aAarded  of  the 
nervous  connection  of  the  vocal  cords  with  the  meatus  auditorius  and  menibfaai 
t]rmpanL  The  anatomical  explanation  of  the  phenomenon  rec(Mnded  here  k  to  be 
found  in  the  direct  communication  existing  between  the  auricular  nerves  (fint  deKribei 
by  Arnold)  and  the  sensitive  fibres  which  enter  ao  largdy  into  the  compontion  of  the 
main  trunk  of  the  pneumogastrics. 

Anasthesia  of  the  Larynx. — ^This  is  an  affection  but  rarely  obferred. 
It  would  be  most  likely  to  occur  from  injury  of  the  pneumogastric 
nerves  of  their  laryngeal  branches. 

It  is  rational  to  suppose  that  anaesthesia  of  the  larynx  mi^t  be  fla& 
cessfliUy  treated  by  electrization  in  its  various  forms,  on  the  same  fm 
dples  that  this  morbid  condition  is  treated  in  other  iiarts  of  die  body. 
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For  two  reasons  the  diseases  of  the  eye  are  not  quite  as  amenable  tc 
electrization  as  corresponding  or  analogous  diseases  in  some  other  parts 
of  the  body, 

J^irst.  The  anatomical  position  of  the  eye  is  such  that  the  cuiTent 
cannot  be  directly  locaUEed  in  some  of  its  parts  ;  and  secondly^  the  ap* 
plication  of  a  very  strong  current  is  sometimes  contra-indicated  by  the 
sensitiveness  of  the  conjunctiva,  and  the  possible  injury  that  may  be 
done  to  the  brain. 

For  these  reasons  paresis  and  paralysis  of  the  muscles  of  the  eye — 
tlie  conditions  of  the  organ  that  are  most  frequently  treated  by  elec- 
tricity—cannot be  as  successfully  subjected  to  electro-diagnosis  or 
therapeutics  as  the  same  conditions  of  many  other  muscles,  although 
therapeutic  results  in  many  instances  of  a  deckled  character  are  obtained 
from  electrization  of  the  paretic  or  paralyzed  muscles. 

The  principal  diseases  of  the  eye  for  which  electricity  has  been  em- 
ployed with  more  or  less  success  are  : 
Paralysis  of  the  Muscles^ 
Asthenopia^ 

Reiinai  Hyperesthesia^ 
Amaurosis  and  Amblyopia^ 
Spasm  of  the  Lid^ 

Electrization  of  the  Eye, — The  electric  current  affects  the  eye  both 
directly  and  through  retlex  action  from  the  fifth  pair,  and  also  through 
the  sympathetic*  As  has  been  stated,  the  anatomical  position  of  the 
eye  within  its  bony  cavity  makes  it  impossible  to  reach  all  its  parts  as 
directly  as  could  be  desired  ;  while  the  exceeding  delicacy  of  its  struc- 
ture makes  it  at  least  very  difficult  lo  make  the  applications  imme- 
diately to  the  conjunctiva. 

The  eye  may  be  electrized  in  a  general  way,  in  asthenopia,  for  ex- 
ample, by  pressing  one  large  positive  electrode  over  the  closed  eye, 
and  the  other  at  the  occiput  or  by  the  side  of  the  head  above  the  cheek- 
bone ;  or  one  of  the  electrodes  may  be  held  in  the  hand.  When  it  li 
desired  to  produce  chemical  changes  in  the  eye.this  stable  method  of 


Ptosis^ 

Opacities  of  the  Cornea^ 

Photophobia^ 

Myosis  and  Mydriasis^ 

and  Neuro  retinitis. 
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apptication  may  be  used  for  some  time.  Placing  the  positive  pole  ol 
the  forehead  or  in  the  a yriculo- maxillary  fossa,  the  superior  obiiqui  nifty 
be  excited  witli  the  negative  pole  on  the  upper  and  intier  part  of  the 
orbit ;  the  inferior  oblique  and  rectus  inter nus  near  the  inner  angle  of 
the  eye  on  the  side  of  the  noie ;  the  rectus  externus  at  the  outer  angle 
of  the  eye ;  the  rectus  superior  at  the  ui>per  part,  and  the  rectus  in- 
ferior at  the  lower  part  of  the  eyebalL  Galvanization  of  the  eye  mih 
interaiptcd  currents  to  affect  the  muscles  should  usually  be  short,  but 
stable  or  labile  faradization  with  large  electrodes  may  sometimes  tx 
made  for  a  much  longer  time — three  to  ten  minutes. 

Paresis  (exhaustion)  or  paralysis  of  the  niiiscles  of  the  eye  may  arise 
(rem  cerebral  lesions,  or  may  be  of  a  peripheral  character.  Locomotd 
ataxia  is  frequently  preceded  or  accompanied  by  disorders  of  the  mus- 
cles of  the  eye. 

For  the  purpose  of  affecting  the  muscles  of  the  eye  the  galvanic  cur- 
rent is  usually  superior  to  the  faradic.  A  small  number  of  cells,  from 
ten  to  fifteen,  are  usyally  sufficient.  Galvanization  of  the  sympathetic 
shoiiM  also  be  tried  in  those  cases  that  are  supposed  to  be  of  cerebraJ 
origin.  Short  treatments,  from  one-quarter  of  a  minute  to  one  or  two 
minutes,  are  preferable  to  longer  applications.  In  these  conditions 
protracted  seances  not  unfrequently  do  injury. 

Here*  as  elsewhere,  the  sensitiveness  of  the  patient  and  the  results  in 
each  case  are  perhaps  the  best  guide.  And  yet  it  is  always  well  to  be 
tautious  in  the  first  application.  In  diseases  of  the  eye,  as  of  othci 
parts  of  the  body,  we  meet  with  exceptional  cases  that  will  bear  and 
be  benefited  by  very  protracted  applications  of  mild  galvanic  curTents 

The  unfortunate  accident  that  happened  to  Duchennc — total  de- 
struction of  the  sight  of  a  jiatient  immediately  after  galvanization— iiid 
much  for  a  time  to  retard  the  electro- therapeutics  of  the  eye.  The 
accident,  however,  has  never  been  repeated,  although  the  electro-then* 
peiitists  of  the  present  day  galvanize  the  eye  and  the  brain  with  greH 
freedom. 

Locah'ied  far  a  iiizat ion  has  been  somewhat  successful  in  the  trett- 
ment  of  paralysis  of  the  muscles  of  the  eye  in  the  hands  of  Meyer,* 
Soelberg  Wellsjf  and  Althaus.J  Ahhaus  has  succeeded  with  the  fai^^ 
die  current  after  failure  with  the  galvanic.  The  current  revcrser  elec- 
trode is  very  convenient  for  the  treatJiient  of  paralysis  of  the  muscles  0/ 
the  eye* 

PrognosU  in  Paralysis  of  the  Muscles  of  the  Eye. — The  prognosis  o( 


'  Op.  cit,  p.  378.        t  Diseases  of  the  Eye,  1869,  p.  568,       {  Op.  dt.,  fw  41^ 
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paralysis  of  the  eye  that  depends  on  cerebral  lesions  is  usoally  unfavor- 
able. Cases  that  arise  in  the  early  stages  of  disease  of  the  brain  or 
spinal  cord,  as  locomotor  ataxia,  and  early  syphilitic  cases,  offer  a  good 
prognosis,  though  they  are  disposed  to  relapse. 

Peripheral  cases,  when  taken  in  the  early  stages,  have  a  very  favor- 
able prognosis,  but  not  so  with  cases  that  are  long  standing. 

Bencdikt,  speaking  of  the  prognosis  in  cases  of  paralysis  of  the  eye, 
declares  that  of  eight  cases,  from  various  causes,  that  were  sent  to  him 
by  Wecker,  of  Paris,  in  seven  there  was  immediate  improvement.* 
The  same  writer  states  that  when  the  absolute  excursive  capacity  of 
the  pupil  \&  little  altered,  but  double  vision  is  present  in  a  great  part  of 
the  visual  field,  the  prognosis  is  unfavorable^ 

In  some  cases  improvement  follows  early,  after  one  or  two  sittings, 
or  during  the  midst  of  the  sitting;  in  other  cases  not  until  ten  or 
fifteen. 

The  tendency  with  patients  and  physicians  is  to  abandon  treatment 
in  paralysis  of  muscles  of  the  eye,  without  giving  it  a  fair  trial.  They 
certainly  demand  as  long  treatment  as  analogous  affections  in  other  parts 
of  the  body. 

Purais  0/  ihi  lift  internal  rectus  muscle-^lmmediate  imprtmement  under  hcalited 

faradivUhn, 

Cask  CLVII. — Mr  M.B.,  with  paresis  of  the  left  internal  rectus  muscle,  was  sent 
10  us  by  Di,  C  R.  Agnew  for  electrical  treatment.  The  first  symptorns  of  the  difficulty 
tlated  some  months  back»  just  after  his  return  from  Che  West,  where  he  had  been 
i^ul^cctedto  untisual  fatigue.  A  powerful  current  (faradic)^  locoliied  ils  nearly  as  pos- 
sible in  the  affected  muscle,  very  markedly  relieved  the  heavlaess  of  the  eyelid^  and 
itnmediately  improved  the  sight. 

For  over  a  month  the  patient  had  been  able  to  read  only  imperfectly  and  with  dit- 
Acuity^  while  an  hour  previous  to  ihe  electrical  treatment  it  was  founds  on  trials  at 
I>T.  Agncw^s  office^  that  he  was  utterly  unable  to  decipher  newspaper  print. 

Immetliately  after  one  application  the  patient  could  read  the  fine  print  of  the 
Meraid  with  ease,  and  in  a  day  or  so  a  note  from  Dr.  Agnew  informed  us  that  the 
vision  of  the  patient  had  increased  from  one- tenth  to  one-half,  and  that  the  internal 
rectus  had  gained  seventy,  tested  by  prisms. 

Paratyiis  of  the  ahdueens  of  hath  eyes — Dotdtle  vision  ten  months  standi ng^Possible 
syphilitic  origin — RiCQvery  under  l&calited  gatvanitatian  and  iodide  of  potassium 
— Relapse. 

Case  CLVIIT.— Mr.  R.,  aged  46,  was  referred  to  us,  May  t,  1874.^  by  Dr.  Rushmorew 
Patient  complained  of  dout)le  vi,sion — health  otherwise  good.  Dr.  R.*&  dtagnosii 
was,  paralysis  of  abducens  on  both  side^  and  as  the  patient  had  safiTo^ed  ffoia 
^pliiijl  iixtceo  years  before,  iodide  of  potassium  was  given. 

*  Op.  dt.,  jK  390. 
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For  three  months  this  treatment  was  kept  up  with  but  little  ttnproveaMnt  Wt 
liegan  trentment  by  localized  galvanization,  using  strong  interrupted  cuTTeatft— oot 
(>olc  at  the  external  angle  of  the  eye,  and  the  other  on  the  temple,  or  at  the  b*ck  of 
the  neck  and  continued  this  treatment  twice  a  week  for  one  month  without  any  ia- 
provement.  About  Jimc  I  improvement  began,  and  by  June  22  the  recovery  iru 
emphatic,  so  far  as  double  vision  was  concerned;  dimness  of  vision  remained. 

The  patient  continued  the  iodide  of  potassium  at  the  same  time  with  tbe  dectncil 
•reatmcnt^  and  it  is  clearly  impossible  to  diflfcrentiate  with  certainty  the  effects  of  tk 
I  wo  remedies  ;  but  inasmuch  as  the  iodide  of  potassium  had  been  used  before,  wA 
very  faithfully,  without  etfect,  it  is  exceedingly  probable,  to  say  the  least,  that  th; 
recovery  was  lai^ely  due  to  the  clecirlcai  treatment.  The  patient  subsequently  rdapiel 


The  fallowing  arc  some  of  Benedikt's  *  cases  :■ — 

*'  Burggraf,  Johann,  aged  22  (Arlt*s  ciinique,  April  22d,  1S64),  had  been  suddenly 
leiied  with  double  vision  fourteen  days  previously.  Paralysis  of  the  right  nbdwfiWt 
preceded  by  violent  pains  in  the  head  for  eight  dayt.  Recovery  through  local  trtat* 
ment  in  six  sittings 

^'  Meyer,  Antonta,  aged  55.  laborer  (Arlt*s  clinique,  Sept.  18,  t866)»  had  foflbol 
for  three  days  from  double  vision,  paresis  of  the  right  abducens*  The  excuniGB  wm 
deficient  by  one  line.  There  was  double  vision  in  the  Larger  half  of  the  viMdi  fidd. 
After  nine  sittings  the  excursion  was  normal.  Double  vision  m  the  extreme  pattidi 
of  the  visual  field.      Entire  recovery  after  twenty  sittings, 

**  Mako,  Barbara,  aged  24  (Arlt^s  clinique,  Jan«  29,  tSSj)^  sufTered  for  six  wteb 
from  complete  paralysis  of  all  the  branches  of  the  oculo^motorioi.  Afker  three 
weeks  the  paralysis  was  removed,  and  the  patient,  although  he  had  yet  some  doobk 
vision,  left  the  hospital. 

**  FseiaUd  Mydriasis. — Rentier,  aged  40,  suffered  from  mydriasis  and  paralyriiof 
accommodation  on  the  left  side.  After  two  local  treatments  the  mydriasis  dimlnti^el 
It  relapsed  after  a  coitus^  but  was  finally  entirely  healed  in  twelve  sittings^  simI  it* 
mained  healed  for  several  years.'* 

Asthenopia. — Asthenopia  may  depend  on  an  absolute  or  relative  de* 
ficiency  of  energy  in  the  rauscle  of  accommodation  ;  or  of  the  internal 
recti.  It  is  accompanied  by  hypersesthesta  of  the  retina  and  ciliary  | 
nerves,  f  Of  these  two  forms,  the  accommodative  and  muscular,  the 
accommodative  is  the  more  frequent.  The  marked  effects  in  improvio^ 
the  tone  of  exhausted  muscles  in  other  parts  of  the  body,  produced  by 
electrization,  would  lead  us  to  suppose  that  asthenopia  might  be  ber^e- 
fited  by  passing  either  the  faradic  or  galvanic  current  through  the  eye 

In  quite  a  number  of  cases  of  weakness  of  eye  with  hypersesthesa, 
,that  have  not  been  accurately  recorded,  we  have  obtained  positive  and 
results.     For   those   very   numerous  cases 


rapid 


eyes 


♦  Op.  cit.,  p,  297  et  seq. 

f  Stellwag,  Treatise  on  the  Disemsei  of  the  Eye,  tratLsUted  by  Dra.  Ilackky  J 
Roosa,  -3.  622. 
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severely  if  used  even  for  a  little  time  before  breakfast,  ar  at  twilight, 
or  ill  reading  fine  print,  or  doing  fine  needlework,  or  from  exposure  tc 
glaring  light ;  that  perhaps  are  annoyed  by  musccB  volitanUs  and  by 
neuralgic  pains  in  or  near  the  eye,  and  yet  in  which  ophthalnioscopic 
exaxninatbn  reveals  no  lesion — for  such  cases  mild  labile  faradization 
for  five  or  ten  minLtes  through  the  eye  with  the  positive  pole,  eithei 
with  a  moistened  sponge  or  the  hand  of  the  operator,  while  the  nega- 
tive is  at  the  back  of  the  neck  or  in  the  hand  of  the  patient,  is  certainly 
a  most  agreeable  and  efficacious  remedy.  Stable  galvanization  is  also 
useful  in  the  same  condition.  Cases  of  this  kind  that  are  associated 
with  general  feebleness,  with  hysteria  and  dyspepsia,  are  sometimes 
much  benefited  by  general  faradization  even  when  the  eye  receives  no 
local  treatment  whatever.  The  tired^  aching  eye  is  both  temporarily 
rested  and  relieved  after  each  sitting,  and  permanently  strengthened  by 
continued  treatment.  In  such  cases  electrization  does  for  the  eye  what 
it  does  for  the  stomach,  or  larynx,  when  they  are  in  a  condition  of 
fatigue. 

We  believe  that  eiectro-therafeuticf  promises  more  for  asihenofia, 
with  hyperesthesia  of  the  retina^  than  for  any  other  disease  of  the  eye. 

From  the  known  effects  of  electrization  on  neuralgic  and  muscular 
weakness  of  other  parts  of  the  body,,  it  would  certainly  appear  that 
asthenopia,  even  in  its  severe  phases,  might  also  be  successfully  treated 
by  the  same  agent*  The  subject  is  worthy  of  the  earnest  attention  of 
ophthalmologists. 

Asthenopia  of  two  year/  danding — Rapid  improvement  under  toeaiiud  faradization^ 

Cass  CLIX. — Mr.  I«,  a  student,  aged  25,  %vas  referred  to  m  by  Dr.  Loring. 
The  patient  had  for  tMfO  years  been  afilicled  with  exceeding  weakness  of  sight,  and 
for  a  long  ttme  was  unable  to  read  more  than  a  minute  or  two  without  discomfort. 
Time  and  rest  had  aiforded  slight  relief,  so  that  he  now  found  it  possible  to  read 
by  daylight  some  eight  or  ten  minutes;  by  gaslight  he  could  not  read  at  alL  A  mild 
trance  of  localized  faradization  was  essayed,  with  the  result  of  markedly  increasing 
the  strength  of  vision.  Similar  applications  were  repeated  some  dozen  times,  with 
the  most  happy  effect,  and  when  last  seen  the  patient  was  able  to  read  an  hour  with- 
put  lerious  discomfort, 

A  second  case,  sent  soon  after  by  Dr.  I^oring,  received  equal  benefit. 


A  eon  nmiiar  to  the  above — Improves  man  readily  under  gahamzaiion  than 

faradiMotion. 
Cask  CLX. — A  case  similar  in  its  symptoms  to  the  above,  and  of  as  long  stnnd* 
ing,   that  was  sent  to  us  by  Dr.    Roosa,   was  submitted  to  localized   faradization, 
with  some  benefit.     Localized  galvanization^  however,  with  an  exceedingly  feeble 
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current,  proved  of  greater  service,  and  afler  a  month  of  treatment  tbe  p&tiettt  vti 
able  to  reiid  ordinary  print  for  over  aa  hour  continuously,  withoat  expericDcmg  any 

AiiheHQpia  of  an  aggtavattd  ckaraetfr  anJ  "J  two  ye*irf  standing — C^m^eU  r«w* 
ety  under  tweive  applkaiioHs  of  l&caliied /aradiiaiion. 

Case  CLXL — The  moat  satisfactory  result  that  we  have  to  record  in  the  trtai- 
uient  of  asthenopia  was  in  the  case  of  a  lady  a^ed  60.  For  two  years  she  had  observed 
a  constantiy  decreasing  strength  of  vision,  associated  with  a  li>cal  irritability,  that  pie> 
eluded  any  attempt  at  continuous  use  of  the  eyes.  Finally,  so  weak  did  tbe  orgui 
become  tlmt  she  found  it  utterly  impossible  to  read  or  sew,  or  in  any  way  cobccb* 
trate  her  sight  for  a  moment  without  suffering  pain  and  obMruratton  of  visioa.  Sfac 
was  treated  wholly  by  local  Lied  faradization — the  tips  of  the  fingers  aione  ben^  wtA 
a&  electrodes. 

But  ntK>ut  twelve  applications  were  given,  with  the  result  of  complete  sod  fcr* 
manent  recovery.  During  tbe  three  years  that  have  elapsed  since  this  trcatmcni  tbg 
eyesight  has  remained  perfectly  strong. 

Amblyopia  and  Amaurosis. — ^ Amblyopia  is  now  understood  to  be  1 
disorder  of  vision  dependent  on  disturbance  of  the  circulation,  while 
amaurosis  is  to  be  regarded  as  a  symptom  of  atrophy  of  the  optic 
nerve. 

For  iorae  of  these  conditions  ekctrizatton  m^'^  be  tried  with  ad- 
vantage. 

A  strong  encouragement  for  a  faithful  trial  of  electricity  id  these 
cases  is  that  various  degrees  of  impairment  of  \'ision,  from  complelt 
blindness  through  the  lower  grades,  have  been  sometimes  most  success- 
fully treated  by  physicians  and  charlatans,  with  diverse  methcxis  of  applh 
catioi}.  De  Saussure  cured  a  case  of  amaurosis  by  statical  electrtaty. 
Lesueur,  Magendie,  and  Person |  successfully  used  faradij^ation  in  the 
same  cases. 

What  is  now  needed  is  a  careful  and  persevering  trial  of  galvaniza- 
tion and  faradization  in  cases  of  amblyopia  and  amaurosis,  afkcr  accu- 
rate ophthalmoscopic  exaralnaticm. 

Spasm  af  tfu  Lid  {Blepharospasm), — For  spasm  of  the  levator palpehrM 
and  orbicularis  palpebrarum^  faradization  or  galvanization  is  indicated 
for  the  same  reason  that  it  is  indicated  in  torticollis,  facial  si^asni,  and 
spasm  of  the  glottis. 

The  method  of  application  is  the  same  as  that  prescribed  for  asthe- 
nopia. 

Prognosis* — Recent  and  mild  cases  recover  rapidly.  Long-standing 
cases  aie  sometitues  very  obstinatCj  but  even  these  are  jrequenjdyr& 
tieved  for  a  liviited  time  after  eac>.  sitting. 


OPACITIES  OF  CORNEA  AND   VITREOUS  HUMOR- 


587 


Slight  s^smoiitc  twite  kings  of  iht  lid-^RiCOvery  under  fctradi%aiion. 

Case  CLXII. — A  iady  had  been  troubled  with  an  affection  of  the  left  eye  that 
required  surgical  treatinen( ;  was  taken  with  slight  but  disagreeable  twitchings  of  th« 
lid  of  Lhe  other  e)'e.  The  twitching  was  so  Uight  that  it  could  be  seen  by  an  observer 
only  with  difficulty. 

Under  faradization  with  a  mild  current,  the  negative  pole  being  held  in  the  hand  of 
the  patient,  and  the  positive  being  applied  by  gentle  passes  over  the  lid,  rcoovery 
took  pUce  ID  a  short  time. 

Spasm  &f  the  erhieulnris  ^ipebrarum  of  long  standing — Somt  temp^ary  hut  m0 
permanent  bentfit  from  faradivUion  and  galvanimation, 

CaseCLXIU. — Rev,  Mr.  B.  was  referred  to  us  by  Dr,  C  R.  Agnew  with  severe 
spasms  of  the  orbicularis  palpebranam  of  the  right  side ;  the  general  health  of  the 
patient  was  otherwise  good.  Faradization  and  galvanization,  faithfully  used  for  a 
number  of  sittings,  in  the  manner  described  in  the  case  preceding,  were  only  of 
temporary  benefit. 


Opacities  of  the  Cornea. — ^The  electric  curretits  have  been  employed 
with  more  or  less  success  for  opacities  of  the  cornea  for  many  years. 
Cases  have  been  reported  by  Isiglio,  Quadri,  Willebrand,  Tiirck,  and 
Graefe-     Recently  this  method  has  been  but  little  employed. 

The  galvanic  current  would  be  more  indicated  than  the  faradic.  Ex- 
ternal or  internal  applications  may  be  used. 

In  a  case  of  opacity  of  the  cornea,  resulting  from  herpes  ophthalmi- 
cus^ sent  \Q  us  by  Dn  Prout,  there  was  a  very  decided  clearing  up 
under  a  protracted  use  of  the  negative  pole  of  the  galvanic  current 
applied  to  the  closed  lid,  and  a  part  of  the  time  directly  to  the  conjunc- 
tiva^ which  had  been  rendered  an^-^sthetic  by  the  herpes. 

Opacities  of  the  Vitreous  Humor  —  Keratitis, — Le  Fort  and  Camus 
report  interesting  and  remarkable  results  in  the  treatment  of  opacities 
of  the  vitreous  humor  by  the  galvanic  current.  The  applications  were 
made  with  one  pole  over  the  closed  eyelid,  and  the  other  in  the  atiri^ 
culo-maxillary  fossa,  to  affect  at  the  same  time  the  nutrition  of  the  eye 
through  the  sympathetic.  In  some  of  the  cases  the  opacity  was  asso- 
ciated with  or  resulted  from  keratitis. 

Photophobia,  —  Photophobia  is  a  symptom  of  so  many  different  patho- 
logical conditions,  that  the  cases  of  cure  or  relief  obtained  in  it  by  the 
electric  currents  are  of  comparatively  little  value.  It  very  frequently 
c*epends  on  the  diseases  of  the  conjunctiva  and  cornea.  Hewson 
reports  the  cttre  by  galvanization  of  thirty-two  cases  of  photophobia  de- 
pendent on  scrofulous  inflammation  of  the  cornea  in  chtldren.  IVom 
one  to  thiee  applications  were  sufficient. 
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The  positive  pole  was  applied  to  the  face  and  the  negative  to  th« 
aupra-orbital  foramen. 

7^<7jij*— This  aflfection,  which  consists  in  paralysis  of  the  elevator  oi 
the  upper  lidj  is  to  be  treated  like  spasm  of  the  lid,  but  with  a  stronger 
current. 

Ptwii  f&tiawing  kerfies-^Rafiid  ricmery  under  gahfanixatiam. 
Case  CLXIV.— A  lady  patient  was  referred   to  us.  who  had   suflered  long  intl 
severely  from  herpes  of  the  bead  and  face,     Thi!^  wa§  followed  by  acute  neuraJ^tc 
pains  that  were  most  pcisbtent  and  resisted  all  attempts  al  aUeviation. 

The  galvanic  current  was  here  applied^  and  so  successfully  as  in  a  short  time  to  di^ 
Mpatc  in  good  measure  the  newralgia.  Tlic  eyelid  of  the  right  side^  bow-evcr,  wis 
left  drooping,  a  condition  which  had  been  preiient  some  weeks.  Three  applici- 
tions  of  the  farad ic  current  to  tKc  affected  part,  of  a  strength  as  great  as  could  be  wdl 
borne,  were  repeated  on  several  occasions  and  readily  resulted  in  a  camplete  restoritiaa 
of  the  Lo^t  mtiscular  power* 

Mydriasis  and  Myosis. — In  these  conditions  the  electric  treatment 
is  sometimes  of  value,  although  in  many  cases  they  depend  on  some  cen- 
tral difficulty  that  in  its  very  nature  is  incurable. 

The  /'r<?'^^//i if w/ consists  in  local  galvanization  and  galvanization  of  the 
sympathetic. 

Neuro-retiniiis. — On  the  theory  that  neuro-relinitis  may  depend  oti 
some  morbid  condition  of  the  sympathetic,  which  in  its  turn  may  ^ 
connected  with  various  cerebral  affections,^  it  has  been  treated  hj%S^ 
vanization  of  the  sympathetic,  and  of  the  brain. 

Indeed,  from  our  experiments  in  galvanization  of  the  sympathy  '•^^ 
(see  p.  125),  it  would  appear  that  m  neuro-retinitts,  and^  indeed^  in       ^ 
affections  where  we  wish  to  affect  the  vascular  condition  of  the  reti^t^^ 
galvanisation  of  the  sympathetic  would  v^ry  properly  be  indicated         *^ 
connection  with  other  remedies  directed  to  the  disease.     The  subjcci 
certainly  worthy  of  investigation. 

Sirabis mtis. ^*ln  strabismus,  dependent  on  merely  transitory  cau 
faradization  or  galvanization  may  be  of  service  ;  but  the  results 
re|Kjrtcd  are  not  of  great  importance. 

That  tempor.'TVy  relief  of  strabismus  may  be  derived  from  faradizati- 
we  demonstrated  in  several  instances.  The  method  of  application 
the  same  as  that  for  jmralysis  of  the  muscles. 

From  among  many  failures  in  the  treatment  of  strabismus  that  ^ 
find  recorded  in   our  case  books,  we  briefly  note  the   two  followi  jfi""^"*' 
as  illuf.trative  of  the  benefit  that  occasionally  accrues  through  cl 
zarion, 

•  Benedikt,  op.  dt.,  pp.  252,  %ilt  S54, 
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Case  CLXV,--A  little  girl,  aged  8,  had  for  two  years  been  afflicted  witb  strabis- 
mus divergent. 

The  faradic  current  was  as  nearly  as  possilile  localized  in  the  faulty  muscles,  and  at 
llic  same  time  the  body  of  the  eye  was  submitted  to  gentle  treat meni. 

Impfovemenl  l>ecaine  manifest  after  a  few  applications,  and  m  the  course  of  two 
months  ended  in  recovery. 

Case  CLXVI. — In  the  case  of  a  babe  of  18  months,  who  had  shown  symptomii 
similar  to  the  above,  some  three  weeks  previously,  it  required  but  a  single  application 
of  the  farad ic  current  to  dissipate  the  trouble. 

Cafaracf.— The  literature  relating  lo  the  use  of  galvanism  in  the 
treatment  of  cataract  h  vtry  considerable^  but,  at  tiie  same  time»  both 
ihe  opinions  and  statements  are  very  conflicting.  Cnissel^  of  St. 
Petersburg,  claimed  to  have  had  successes.  His  method  was  to  intro- 
duce into  the  lens  a  needle  connected  with  the  negative  pole,  while  the 
positive  was  a[>plied  to  the  tongue.  In  this  way  the  cataract  was  sub- 
jected to  the  three  factors  of  mechanical  disintegration  by  the  needle, 
to  the  chemical  influence  of  the  negative  pole,  and  **  probably,  also,  to 
ihe  macerating  action  of  the  aqueotis  humor  penetrating  the  lens 
ihrough  the  puncture  made  in  the  capsule  by  the  needle/'  Bcrgmann, 
Newmann,  iVfildner,  Benedict,  Slratich,  and  others,  on  the  contrary, 
claini  that  the  restdts  are  not  sufliciently  favorable  to  counterbalance 
the  dangerous  inflammation  that  is  liable  to  follow.*  Rosenthal  us*^d 
external  applications,  and  claimed  to  have  cured  two  out  of  three 
patients  whom  he  thus  treated.  Two  cases  of  cures  have  been  re- 
ported lately  by  Neftel  The  cases  were  sub^iequently  examined  by 
Drs*  Agnew  and  Knapp,  who  failed  to  dnd  evidence  of  any  improve- 
ment that  could  be  attributed  to  electricity. 

Among  other  diseases  of  the  eye  in  which  electricity  may  be  tried 
experimentally,  with  the  hope  of  greater  or  less  success,  are  anasthesia 
optica  and  nystagmus. 

•  For  the  literature  of  the  subject  con«inlt  Canstatt*s  *' Jahresbeficht  '*  for  r84i-45, 
also  Schmidt's  Jalirbiichcr  for  1S4I-42,  quoted  from  Evctiky*s  article  **0n  the  Na- 
ture of  Catmrnct/*  etc.,  N.  Y.  Med,  Journal,  July,  iS3o,  to  which  we  are  indebted* 
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Tni^wilBes  of  the  ear  are  less  amenable  to  treatment  by  electridt) 
than  analogous  diseases  in  most  other  parts  of  the  body.  By  its  kdm^ 
tomical  position  the  internal  ear  is  even  more  inaccessible  than  the  eye; 
and  even  the  parts  which  can  be  broHght  more  directly  under  the  inJJu- 
ence  of  electrization,  as  the  middle  ear,  the  meinbrana  tympanic  and 
external  auditory  canal,  can  bear  only  feeble  currents*  Hence  it  is  tint 
there  is  no  branch  of  electro  therapeutics  where  there  has  been  such  gen- 
eral  disappointment  both  among  aurtsts  and  electro-therapeutists  as  iii 
diseases  of  the  ear. 

The  morbid  conditions  of  the  ear  for  which  electrization  has  been 
found  of  some  service  are  subacute  and  chronic  infiammatien  of  '^' 
drum  and  middle  ear^  nervous  deafness^  and  tinnitus  aurium. 

Experiments  on  the  ear  were  made  quite  early  in  the  history  of  elec- 
tro-therapeutics. 

Brenner  *  gives  the  following  bibliography  of  this  department  in  the 
early  part  of  the  present  century  : — 

AUGUSTIN—  Versuek  einer  Gesehiekti  der  galvamuhen  Elektridt&i  und  iM^ 
medkinischin  AHwtndung^  Eerlin,  iSoi  (this  work  contains  a  qujintitative  distincr^^^ 
in  the  working  of  both  poles  on  the  nerves  of  hearing) ;  also,  Von  Gahmmsmtu  •** 
desstn  Attwertdung,  i8oi,  by  the  same  author,— MERZDoitFF — (Bthandiun^  ^ 
OkrtnsaHsens  dtirck  den  Galvamuhen  Siram^]  ^^i  GnAPENGlESSERf  iSor,  pp.  '3* 
and  13a, — ¥'U^s,—{Gijlvano*therapf'utisfkf  Vtrsucke^)  Ebendas.,  iSol,  pp.  ^*** 
251. — Stellwac — Ufh^  Gaivanismuf,  Hamburg,  iSoa  (this  work  contains  cor^^°f 
deafness). --STltUWE—iry//^«  d^r  Medkinixchen  EiektrmtiU  mii  Rucknchi  au^  ^^ 
Gaivanismus^  1802* — Wolke — Neuhricht  von  den  zu  Jevtr  dur^A  die  Gahmm —  ^^' 
iaischf  Gehtfrgthekunsi  hegltickten  Tanhtummen^  etc  Osnabriidc,  tSo2. — ^^^^^ 
TENS*  Thtrap€Utis€he  Afiwendung  dts  GnlvanUmus.      1S03*  H 

It  was  natural  that  attempts  to  cure  diseases  of  the  ear  should^  ^ 
made  thus  early  In  the  history  of  electro  therapeutics,  because  at  ***** 
time  there  was  scarcely  any  other  method  of  treatment 

♦Untersuchnngentind  Bcob^chtung^auf  doo  G^bietedcr  Etecfrothermpte^  \  '^'^^ 
I  Abth.,  ig6S,  p.  40. 
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There  are  two  general  methods  of  electrizing  th;  ^^i^nternal  and 
txternaL 


FiG.  133. 

fmiernal  method  of  electrtMotion  (tf  tlu  ear  (Duchenne),  A,  auricle;'  B,  external 
Buditory  canal ;  C,  handle  of  elcctroJe ;  D,  flexible  wire ;  E,  rtibber  speculum  \ 
F,  ossicula  in  middle  ear ;  G,  moutli  of  tul>c ;  H,  auditory  nerve  in  inner  car ;  I, 
inferior  half  membrana  tympani ;  J,  external  muscle  of  hammer  ;  K,  internal  muscle 
of  hammer. 

B  The  flexible  wire  can  be  pressed  in  toward  the  drum  and  ihen  al- 
lowed to  spring  back.  The  external  auditory  canal  is  very  sensitive, 
and  only  mild  currents,,  or  currents  quickly  interrnpted,  will  be  borne. 
The  other  electrode  may  be  placed  in  the  hand  of  tlie  opposite  side,  or 
at  the  mouth  of  tlie  Eustachian  tube,  by  means  of  a  metallic-pointed 
insulated  catlieter.  It  is  an  advantage  before  making  the  application 
to  partly  fill,  or  at  least  to  moisten,  the  ear  with  warm  salt  water,  since 
thereby  the  conduction  is  much  increased.  The  water  should  be  wami^ 
because  cold  water  is  not  well  borae  in  the  ear. 
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External  Method, — The  best  external  method  of  electrizing  the  eat 
IS  to  press  the  electrode  firmly  on  the  tragus^  the  other  electrode  being 

held  as  before,  io  the  hand  of  the  opposite  side.     The  ear  should  b< 
filled  with  warm  salt  water,  although  this  is  not  necessary. 

We  have  used  this  method  for  several  years  with  both  the  faradic  and 
galvanic  currents,  and  prefer  it  for  all  cases  except  when  ii  is  desired  U 
act  directly  on  the  infiamed  surfaces  of  (he  drum^  or  middle  ear.  It  ij 
far  less  painful  and  more  satisfactory  than  the  internal  method.  It  may 
be  used  on  the  most  sensitive  children,  who  would  rebel  against  the  in- 
ternal  method,  however  skilfully  performed. 

The  sitting  should  not  usually  be  more  than  five  or  ten  minutes,  and 
in  some  cases  much  shorter  applications  should  be  used,  especially 
when  the  galvanic  current  is  used. 

The  electro-physiology  of  the  ear  has  already  been  described  in  the 
section  on  Electro-Physiology. 

Electr0-Diagnosis,-^'V\\Q,  electro-diagnojis  of  diseases  of  the  car  hai 
been  specially  studied  by  Brenner. 

The  leading  idea  of  this  observer  *  is  that  the  reaction  of  the  audita^) 
nenfe  to  the  galvanic  current  is  variously  changed  by  pctthologictU  c^^' 
ditions. 

The  normal  formula  has  already  been  given.     (See  Electro- Physi'^*^' 
ugy,  p.  132). 

The  difficulties  in  the  practical  application  of  this  method  of  elec*::^**" 
diagnosis  are  very  great     The  nomial  formula  can  be  obtained  onl>^"  ^ 
a  certain  proportion  of  cases,  and  then  oftentimes  by  painful  curre«r^*^ 
Even  w*hcn  we  obtain  apparent  deviations  from  the  normal  formi^-^^^j 
we  are  not  always  sure  just  what  such  deviation  indicates,  cither       l^S 
special  patholog)^  or  in  therapeutics. 

Changes  in  the  Reaction  of  the  Auditory  Nerve  in  Paihotogf^^^^ 
Cases. — In  pathological  cases  the  normal  formula  may  undergo  vari^^°*** 
changes. 

These  changes  in  the  reactions  that  appear  in  diseases  of  the  ear  n^^^^T 
be  embraced  under  the  following  heads  :  \ 

I.  Hyperesthesia  of  the  nerve^  so  that  it  reacts  to  a  milder  cun — ^^i 
than  normal,  or  reacts  longer  or  more  powerfully.     This  may  be  eii 


^Zur  Elektrophyslologie  und  Elektropatholagie  des  Kervus  acnsticuSw    Pete 
Med,  Zcitscbr.,  Bel  4,  p.  286.     1863.       Also,  Weilcrc  MUtheilungeo  tur  Elel 
otratnk.     Pctersburgcr  Med,  Zeitschr,  Bd.  5^  p/35,  1S63,     And  mor«  recentl 
his  piiblished  work,  Untersiichungen  utid  Beobachtungcn  auf  dem  Geblete  der 
trotlierapie.     Leipzig,  1868  and  1869* 

\  Brcimer,  op  cit.^  Band  l,  p.  181  et  acq. 
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imple  or  complicated  with  qualitative  change  in  the  formula,  ^r  with 
irado)dcal  formula  in  the  car  not  experimented  on,  or  with  morbid 
bjective  sensations  of  hearing, 

2.  Change  in  the  formula  of  reaction  without  hyperasihesia.  These 
dianges  are  either  in  inversion  of  the  normal  formula,  or  deviations  of 
rarious  kinds. 

3.  Torpor  of  the  nerve  {anaesthesia)^  so  that  it  does  not  react,  or  only 
>  a  stronger  current  than  normal* 

Hiustraiive  Pathological  Cases, — Brenner  gives  the  following  illustra- 
ion  of  hypenesthesia  in  a  case  of  chronic  catarrh  of  the  middle  ear,  on 
oth  sides,  with  difficulty  of  hearing,  much  tinnitus. 

The  reaction  was  as  follows : 

XX  90  Ka.S.K'. 

Ka^D.iC   m 
Ka.O.^ 
A.a    — 
A.D.  — 
A,0,k.> 

n  another  case,  where  there  was  great  difficulty  of  hearing,  with 
nitus,  that  had  existed  for  three  years,  and  demonstrable  anatomical 
langes,  but  in  which  a  central  disease  was  suspected,  the  reaction  wan 
follows  ;♦ 

XX  50  Km.S.K*. 

Ka.O,— 
A.S,— 

A.a— 

A.O.lO 
ther  cases,  illustrative  of  changes  of  various  kinds,  we  give  below : — 

Qitalitative  change, — A         Hyp^mthisia  with  in*         Hyperaesthesia  with  pft- 

rer,  jo  years  old ;  in-    tftrsian    of    the     normal    radoxical  sensations  in  ear 

formula.^^-X  lady  of  60; 

absolute  deafness  in  left  ear  5 

drum  depressed,  thickened 

and  opaque. 

6  EL  Ka,~ 

Ka,D.— 

Ka.O.Pr.  > 

An.s.rr, 

AiLD.Pt  00 

An,0,— 


iligent ;  deafness  and  tin 
it  lis  on  both  sides  from 
bildhood ;    drum    cloudy 

!  thickened. 
,looKa.S,K\ 
Ka,DJCoo 
Ka.O.— Rattling. 
AS.  *• 

A.D,  "   00 

A.OJC> 


not  treated. J 

Ear  treated. 
XX  fooKa.S.K\ 
Ka.D.ie  CO 
KjlO.  — 
A.S. 
A.D. 
A.O,K'.> 


[reatei]. 


•Op.  cit.p  pp  90,  191, 

t  Erb  in  Archiv  Ophth.  and  Olol,  y%X  I,  Not  tp  p,  %'f%. 

I  Brenner,  op.  cit.,  Band  i.,  p.  205. 
18 
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llluitrativt  and  iypkal  east  of  in- 
Persian  of  thi  normal  f&rmula.  *  —  An 
officer,  26  yean  old  ;  from  his  childliood 
completely  deaf  in  left  ear  ;  no  tinnitus ; 
no  demonstrable  change  in  drum  ;  only  a 
pale  color  \  right  e^r  normal. 


Afodificaihn  0/  tMe  m&rwmi  fprwmk 

without    hyper ixsthtsia, — A    woman,  45 

years ;  old  difficulty  of  hearing  in  boti 

ears;  no  tinnitus;   tome  dulnes  of  tk 

drums. 

Right  Ear  %~~ 

XX  soo  Ka.S.^"  Chirping. •• 


Electric  ex^uninatioiii  of 

Electric  eicanunatkni  of 

Ka.D.            ••        short 

rgchc    (Healthy^ 

ear 

left      (dbcMcd) 

ear 

Ka.O. 

^vcft     thk    normal 
formulji. 

gives    the     ittvtrt^d 
formuU. 

A-S.     —Roaring. 

IX  Ka^,K'. 

IX  Ka.&  — 

A,D.             "         short. 

KaDJu  > 

Ka.D,^ 

Ka.O.  -^ 

Ka.O.K. 

Left 

A.S. — 

A.S.K'. 

that  Ka.O,  gave  a  short  and  slight  roir* 

A,D.  -^ 

A,D.IC> 

ing. 

A.O.k. 

A,0. — 

The  above  case  of  the  officer  Brenner  regards  as  of  a  special  nature* 
The  patient  was  examined  by  a  nninber  of  aurists,  and  the  inversion 
of  the  normal  formula  in  the  diseased  ear  was  decided. 

The  following  experiments  were  made  by  one  of  the  authors  of  I'^k^^* 
work  on  himself*  The  right  ear,  on  which  the  experiment  was  ma^^^^ 
has  for  twenty-five  years  been  affected  with  chronic  inflaziimation  ^ 

tlie  middle  ear.  The  drum  is  cloudy,  the  tube  pervious,  and  the  ht==^^^' 
ing  distant ;  at  times  he  had  been  troubled  with  tinnitus,  but  not  at  ^^rte 
time  of  the  experiment.  The  objective  examination  of  the  ear  ¥*  *3i 
made  by  Dr.  D,  B.  St.  John  Roosa,  The  experiments  are  givp-^-^eu 
in  detail,  becayse  they  illustrate  a  ntimber  of  the  peculiarities  in  r^;^^^^ 
to  the  galvanic  reaction  of  diseased  ears,  and  the  difficulties  and  ccr*i*- 
plications  that  attend  the  investigation. 

The  internal  method  was  used  ! 


10  StShrer^s  EL  Ka.S. — No  reaction. 

Ka.D. — Some  rumbling, 
made     evidently     by 
pressure  of  electrode.  \ 
Ka.O. 

An .  S^  — No  react  ion, 
AilD.— "        " 
Ad.O.— **        " 


13  El  Ka.S.— No  reaction, 
Ka.D.— "  " 
Ka.O.— ••  " 
An,S,  —  "  " 
An.D.— "  •• 
AnO.— "  ■• 
Feeble  Hashes  of  light  were  obserred. 

The  rambling  of  a  distant  carriage  for  % 

moment  W!i$  mistaken  for    the  cathode 

closing  reaction* 

•  Brenner,  L  c,  p.  219, 

f  In  order  to  prevent  deception  on  this  pobt,  the  finger  waA  pressed  on  the  tngv^ 
ind  found  to  produce  the  same  apparent  sensation  of  ntmbling.     The  apparmtm 
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1 6  El,  Ka  S,— Nc  reaction. 

Ka.D. — Hbsiog  in  the  other  ear;  (paradoxical  rcacticn). 

Ka.0, — Same  for  a  moment, 

An,S. — Hissing. 

An.D. — Same*> 

An.O, — No  reactioD,  but  Mssing  in  other  ear. 
Stronger  flashes  of  light ;  diiziness ;  subjective  sounds  in  ears  for  wonae  minutei 
al^er  treatment. 


Rheostate — 600 — Same  roaring. 
700—    "  *' 

800—    "  '* 

goo—    '*  **  still  pain, 

1,000^ — Much  less  roaring,  and 
hissing  in  other  ear  much 
less. 
Ka.O. — No  reaction. 
The  anode  reaction   with    the    resis- 
tances of  the  rheostate  was  as  follows : 
Afi.S. — Vcrylotjd  hissing. 
An.D.   00  and  60W  of  saliva. 
Low  rumbling  and  hissing    Rheostate— r 00— Very  loud  hissing. 


30  EL  Ka.S.— Slight  rooriDg. 

Ka.O.> 

Ka.O. — No  reaction. 

An.S.«>-I^ud  hissing  (seetliing). 

An.D.^ — Same*> 

An.  0» — No  reaction. 
Considerable     pain     in    ear ;      much 
stronger   Wishes  and  dizziness;    metallic 
taste ;    burning    in   wrist   of    the    hand 
holding  cathode. 

The  rheostate  was  now  brought  into 


24EI.  K.S,- 


in  other  ear ;  very  great  pain ; 
perspiration   on     forehead,    and 
muscular  contractions, 
Ka,D. — Same.  00 
Rheostate — 100 — Same  roaring. 

K  2QO-.     " 

^^^  300— Less 

^^H  400—  '' 

^^^H  500 —  *'  "  less  pain. 

W^C^OTi'  *  irning  the  above  case  it  may  be  remarked  : 

■  I,  7.  '*e  deviation  from  the  normal  formula  was  tmmistakable.  The 
anode  reaction  was  very  decided,  there  was  no  possibility  of  a  mistake. 
The  chief  difficulty  was  with  the  cadiode.  A  low  rumbling  or  roaring 
was  all  the  reaction  that  could  be  obtained  with  Ka.S,  or  Ka.  D,  and 
that  only  when  many  elements  were  used. 

2,  The  accompanying  phenomena — dizziness,  pain,  contractions  of 
the  facial  muscles,  metallic  taste,  ^ow  of  saliva,  perspiration  on  fore- 
head^ burning  and  contraction  of  the  tnuscles  of  the  hand  holding  the 
electrode—were  present,  but  did  not  interfere  with  the  observation  of 
the  reaction  of  the  nerve.     It  is  just,  however,  to  remark  that  this  in 

used  in  thU  experiment  had  no  current  reverser,  consequently  it  was  necessary  to  cooi 
tinuaUy  move  the  electrode  to  and  from  the  tragus. 
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dividual  has  been  accustomed  for  many  years  to  experiment  on  himself 
with  electricity,  and  therefore  would  be  little  liable  to  be  annoyed  oi 
distracted  by  their  incidental  phenomena;  yet  even  he  was  deceived 
momentarily  by  the  rumbling  of  a  distant  wagon.  Constriction  of  l)»e 
throat,  of  which  some  complain,  was  not  experienced. 

The  following  pathological  case  is  of  doable  interest,  since  benefit 
to  the  hearing  seemed  to  result  immediately  after  the  galvanic  eiajni- 
nation. 


Case  CLXVIL^G.  K,  B.,  aged  rS,  luui  from  hw  early  boyhood  suffered  from 
chmtiic  ulceration  of  the  mcmbrana.  tynipani  with  discharge.  Trt  tlic  leTt  car  (he  Hnim 
had  disappeared.  TJie  watch  could  lie  heard  only  on  pressure.  There  was  no  tixiiiiia& 
The  Eustachian  tube  was  pervious. 

Three  years  before  the  right  ear  had  been  su^ilarly  affected,  and  had  entirely  re> 
covered  under  the  influence  of  treatment,  so  that  the  discharge  ceased  and  the  1 
was  normal.     At  that  time  Dr.  St.  John  Koosa  saw  the  case  in  consultatioa  aodc 
finned  the  diagnosis. 

August,  tSya  The  patient  again  consulted  us  for  his  right  ear,  which  we  fcNlBdl 
the  condition  described^  and  which  was  similar  to  that  in  which  we  had  found  it  tb 
years  before.  At  this  time  we  decided  to  test  the  galvanic  leaction,  wliich  we  *«* 
able  to  do  without  diflSculty,  by  the  external  method. 

The  result  was  as  follows : 


SEl:  Ka.S. 
Ka,D, 
Ka.0. 
An.S. 
An.a 
An.O. 


Some  rumbling* 

No  sensation. 
Rumbling. 


No  sensatioi. 

With  ten  and  twelve  elements  there  was  the  sime,  but  louder,  and  with  eiglit**^ 
elements  a  sound  like  the  ringing  of  a  large  bell,  reaction.  When  sixteen  c^eiii«***'* 
were  usetl,  the  patient  experienced  a  senj^ation  of  hissing  with  An.S.  and  An.D.         ^ 

After  various  changes  of  the  current,  a  less  number  of  element*  brought  a  deci*-'*^ 
reaction.     In  order  to  see  whether  the  patient   deceived  him<velfp  or  whether    *   ,  ^ 
tounds  were  produced  by  the  agitation  of  the  water  in  the  ear,  we  applied  the  elcctr***^ 
to  the  tragii-s  when  disconnected  from  the  battery.  ^^ 

Immecliately  after  the  sitting  the  patient  paid  that  he  could  hear  conversation  bet  ^  ^^^ 
Tlie  week  following  the  same  exfjeriincnt  produced  the  same  result.     During  the     ^\^ 
terval  magnesia  had  been  blown  into  the  ear  in  considerable  quantities  so  as  tv 
terfere  somewhat  with  the  hearing  power  ;  for  that  reason  it  was  impossible  to  deC 
mine  whether  the  improvement  was  permanent. 

Dizziness  in  this  patient  was  very  marked  and  lasted  by  terms  for  several  dayjc 

General  Therapeutical  Results  of  Electrical  Treatment  of  I>iseas^ —  ^, 
&f  the  Ear, — Ir  the  United  States,  cures  of  deafness,  without  rega/f^'^ 
to  the  patholog)  on  which  the  symptom  of  deafness  depends,  have  (i^ 
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casionally  been  accomplished  by  uneducated  empirics,  who  have  treated 
all  forms  of  disease  of  the  ear,  from  inspissated  cerumen  to  disease  of 
the  auditory  nerve,  by  some  unscientific  and  uniform  method  of  faradi- 
zation. 

Duchenne  reports  one  case  by  faradization  of  hysterical  deafness 
of  many  monihs'  standing ;  one  caused  by  quinine  ;  one  consecu- 
tive to  an  eruptive  fever ;  one  following  measles ;  one  of  twenty 
years'  standing.  Several  cases  of  nervous  deaf-muteism  were  also 
improved. 

The  conclusions  to  which  he  arrived  are  as  follows :  * 

1.  "That  nervous  hysterical  deafness  is  generally  caused  by  elec- 
trical excitation  of  the  chorda  tympani  and  movements  of  the  chain  of 
little  bones.*' 

2.  *'That  cases  of  nervous  deafness  consecutive  to  eniptive  and 
conlinueti  fevers  have  been  cured  by  the  same  treatment,  even  though 
they  have  been  of  long  standing,  and,  froni  the  fact  of  their  resistance 
to  ordinary  remedies,  have  appeared  to  be  incurable.*' 

3.  **  That  probably  the  therapeutical  action  of  the  process  of  fara- 
dization is  chiefly  due  to  the  undulations  of  the  labyrinthine  liquid 
produced  by  the  movements  of  the  chain  of  little  bones,  and  conse- 
quently of  the  fenestra  ovaiL*' 

4.  "That  electric  exploration  of  the  ear  furnishes  no  pathogno- 
monic sign  which  permits  the  prognosis  of  incurability  of  the  deaf- 
ness.'* 

Subacute  and  Chronic  Inflammation  of  the  Middle  Ear. — As  far 
as  we  can  judge  from  our  own  observations,  old  cases  of  chronic 
inflammation  of  the  middle  ear,  where  the  hearing  power  is  so  much 
impaired  that  a  watch  can  be  heard  only  on  pressure,  offer  an  un- 
favorable prognosis. 

The  best  results  are  obtained  in  those  ca^es  that  are  just  passing 
from  the  subacute  to  the  chronic  stage.  We  are  inclined  to  the  belief 
that  these  results,  when  they  do  occur,  are  brought  about  by  the 
mechanical  action  of  the  faradic  current,  on  the  adhesions  within  the 
middle  car*  In  some  even  long-standing  cases  of  chronic  inflammation 
of  the  middle  ear  temporary  improvement  of  hearing  immediately  fol- 
lows faradization  or  galvanization. 

Tinnitus  Attrium. — The  verj'  frequent  and  very  distressing  symptom, 
tinnitus  aurium^  and  wliich  accompanies  so  many  of  the  morbid  processes 
in  the  auditory  apparatus,  is  not  relieved  by  electrical  treatment  as  uni- 

•  Ticatise  on  DiseiL>»  of  tl^  Ear.  Translated  and  eJitel  by  Dr.  K  St.  Jihi 
Ruo«a.     Second  American  edition,  1869,  pp.  1,013^  l^oyx 
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foniily  as  d  priori  reasons  would  lead  us  to  expect.  The  capridousnen 
and  uncertainty  of  the  results  m  such  cases  are  partly  to  be  explained  bj 
the  fact  that  tinnitus  aurium  is  a  symptom  of  such  diverse  and  somctuna 
undiscoverable  pathological  conditions.  Local  galvanization  by  the 
external  meihod,  or  galvanization  of  the  sympathetic,  sometimes  ataH 
for  the  temporary  relief  of  this  affection,  and  in  some  cases  a  more  or 
less  permanent  cure  if  obtained. 

Galvanization  of  the  cervical  sympathetic  aflfects  the  ear  just  as  it 
affects  the  retina,  through  modification  of  the  circulation  in  the  bmii). 
Dr.  Runiboldy  of  SL  Louis,  reports  two  cases  of  tinnitus  aurium^  in 
which  local  galvanization  was  of  great  service.* 

Whh  reference  to  the  therapeutical  value  of  the  galvanic  correni^ 
especially  in  the  treatment  of  diseases  of  the  ear,  Brenner  f  and  Hi^ 
gen  I  substantially  agree  to  the  following  propositions  : 

1.  The  galvanic  current  is  indicated  not  only  for  those  cases  where 
no  morbid  changes  can  be  diagnosticated,  but  also  in  all  cases,  howcvQ 
complicated^  in  which  the  abnomial  reaction  to  the  current  shows  that 
the  nene  participates  in  the  disease. 

2.  The  galvanic  treatment  may  aid  in  the  absorption  of  morixid 
deposits. 

From  our  survey  of  the  literature  of  the  subject,  and  from  our  o«n 
comparative  observations,  we  are  justified  in  these  two  conclusions : 

First.  Tlie  galvanic  current  is  on  the  whole  of  greater  service,  and  if 
of  greater  promise  in  the  electro-therapeutics  of  the  ear  than  the  faiadic 

Second*  The  results  obtained  in  the  electric  examinations  are  not  uni- 
form or  always  reliable  guides  to  the  special  method  of  treatment  thst 
it  is  best  to  adopt* 

Reasoning  d  priori^  it  would  be  inferred  that  the  reaction  of  hyfiT' 
ctsthesia  would  call  for  treatment  by  the  anode^  and  the  reaction  of  tfir- 
for  (an^Tjsthesia)  for  treatment  by  the  cathode ;  but  experience  shoirt 
that  there  is  no  uniformity  to  this  law. 

Moos,  §  in  the  remarkable  case  to  be  hereafter  cited,  found  ihil 
the  cathode  at  one  lime  exercised  a  temixjrarily  beneficial  influence  on 
tlie  subjective  symptoms,  which  usually  disappeared  only  under  the 
anode. 

Erbf  also,  in  case  of  *'' simple  hyperasihesia  of  the  n^l  auditory 

*  Archives  of  Electrology  and  Neurology,  May,  1874. 

fOp.  cit.,  Band  l,  p.  262, 

JPraktische  Bcitriipe  iiir  Ohrenhcilkundc,  Leip&g,  1S66,  pv  ^ 

§  Archives  Opluhal.  »nd  OtoL,  vol  I,  No.  2,  p.  4S8. 

I  Archives  Ophtlial  and  Otol.,  voL  I,  No.  f,  p.  aS. 
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nefVi^**  with  ^^  inversion  of  the  normal  formula^*  found  that  the  tinnitus 
was  quieted  by  the  closing  of  the  cathode  (Ka.S»)  and  not  by  the  closing 

rthe  anode,  as  would  have  been  expected. 
Still  further,  it  is  not  demonstrated  that  in  many  of  the  cases  of 
hyperaesthesia  that  were  successfully  treated  by  the  anode,  or  of  torpor 
(anaesthesia)  that  were  successfully  treated  by  the  cathode^  the  results 
might  have  been  equally  or  more  successful  if  the  poles  had  been  re- 
Ipersed.  The  conclusion  is,  therefore,  that  while  the  general  law  laid 
%own  on  page  281,  that  the  positive  pole  is  on  the  whole  the  more  cairn- 
ing  and  the  negative  the  more  irritating^  applies  to  the  auditory  nerve 
as  to  other  parts  of  the  body,  yet  it  is  always  liable  to  many  real  or 
apparent  exceptions,  and  in  the  present  state  of  our  knowledge  the  nile 
can  never  be  made  an  absolute  or  uniform  guide  in  the  electro-thera- 
peutics of  the  ear. 

t  Brenner  *  details  eleven  cases  of  diseases  of  the  ear  treated  by  the 
Ivanic  ciurent 
In  one   case  of  thickening  of  the   drum^  the  current  caused  ab- 
rption. 
In  one  case  of  hyperassthesia,  with  tinnitus  aurium  and  anatomical 

ranges  in  the  middle  ear,  the  tinnitus  was  rapidly  cured. 
In  otie  case  of  hyperaesthesia,  after  the  use  of  quinine  there  was 
recovery. 

In  one  case  of  hyperesthesia,  with  tinm'tus  aurium  and  catarrh  of  the 
middle  ear,  the  tinnitus  was  cured. 

In  one  case  of  obstinate  subjective  symptoms  of*  various  kinds  there 
was  improvement  under  great  difficulties  of  application. 

In  one  case  of  noises  in  the  head  and  ears,  of  ten  years*  standing, 

rth  important  anatomical  changes  in  the  ear,  there  was  improvement. 
Of  deafness,  two  cases  were  improved,  one  was  much  improved,  and 
one  was  cured.     The  case  which  recovered  was  one  of  facial  paralysis, 
with  anomalous  reaction  of  the  auditory  nerves. 
In  all  the  cases  there  were  anatomical  changes. 

■  In  some  cases  the  treatment  was  quite  persistent. 

Hysterical  Deafness, — When  deafness  depends  on  simple  hysteria  the 
results  of  electrical  treatment  may  be  very  brilliant. 

■  Dr,  Moos,  of  Heidelberg,  has  published  a  case  of  recovery  from 
■eafness  under  the  influence  of  the  galvanic  current,  which  is  the  most 
ptemaikable  of  any  which  have  been  scientifically  reported. 


*  Op.  cit.  Band  I,  2  Abth,,  p.  233  et  soq.     Brenner  al^  menlioos  the  fact  thil 
\  fulled  in  seventeen  cases  of  tinnitus,     Loc  cit.,  p.  ^-^^^ 


6oo 


DISEASES  OF  THE  EAR. 


Care  CLXVIII.— The  patient,  a  lady  af  nineteen,  after  an  attack  of  acute  aftiedir 
iheumatbm  (Feb.  9,  [S69),  wfbi taken  with  symptoms  of  acntt  intercranial distasifj 
an  hysterical  character.  She  became  completely  deaf  for  noises,  musical  not(S»  tnJ 
fipeech,  and  for  several  weeks  it  became  necessary  to  communtcatc  with  the  pallailby 
writing.  This  deafness  was  precerled  by  abnormal  sentithfeness  0/  iAf  m^t  itftdSht 
tressing  acutenest  of  hearing.  Two  weeks  afterwards,  the  ninth  week  of  her  itdtfX 
ness,  the  sensitiveness  had  diminishetl,  and  her  deafness  was  absolute.  In  the  deveadi 
and  iwelfth  weeks  of  the  disease,  she  began  to  suffer  from  hysteria  ^r  tpiUptic  attsdti^ 
lasting  from  a  half  to  one  ami  a  half  hours^  from  one  to  three  times  a  day.  Thae at- 
tacks were  accompanied  by  loss  of  consciousness,  tetanus,  clonic  cramps^  and  punita 
the  back  and  abdomen.    Thei  e  was  also  unilateral  hypertssthetia  of  the  scalp  aatl  tiet 

These  symptoms  were  variously  treated  by  the  galvanic  current.  The  paiieat  w« 
treated  with  the  galvanic  current ;  at  first  daily,  from  May  loth  to  July  27th. 

At  first  there  was,  as  has  been  stated,  a  feeble  reaction  to  the  current*  Tbisw 
followed,  in  a  few  days,  by  simple  hy^rftsthesia^  combined  with  a  partuicjeit^  rt* 
action  in  the  ear  not  treated^  and  lastly  hypencsthesia  •with  qualUaii^e  ckvip* 
When  the  cure  was  complete  the  normal  formula  of  Brenner  appeared,  I 

On  the  eleventh  day  of  the  treatment  the  patient  heard  her  own  voice  in  thekft 
ear,  immediately  after  t/te  gatvanic  treatment.  Noises  in  the  car  appeared  whidi 
were  treated  by  the  anotie.  On  the  18th  and  24th  of  June,  conduct ibility  of  the 
♦ones  wEis  noticed  for  the  first  lime.  July  1 2th,  two  months  from  the  beginning  of 
the  treatment,  the  patient  could  hear  the  watch  on  the  ri^jht  side  10  feet,  on  lbcki^9 
feet.  The  treatment  now  cauwrd  diiriness,  which  made  it  necessary  to  give  loajef 
intervals  during  the  stances,  and  it  was  found  necessary  to  use  very  weak  ctintnti 
The  patient  was  now  sent  to  Black  Forest,  where  in  six  weeks  she  fully  recofcreiL 

On  the  29th  of  April,  Dr.  Moos,  an  experienced  aurist,  who  bad  once  befn^  <^ 
amined  the  patient,  came  to  the  conclusion  that  there  w^^ perfect  paralysis  tf  litf 
auditory  nerifes*  The  electric  examination,  made  on  the  9th  and  loth  of  Maj,^1t 
the  following  result : — 

Right  Ear.     10  EL  900  cR*  K.S.  — Lively  whirring  sound. 

K,  O.  — ^Same  gradually  disappearing. 

ICO.  «-No  result, 

An.S.^  ••      •• 

An.D.—  •*      •* 

An.O.— "       •* 
Left  Ear,      10  EL   400  cR    KS.    ^Scratching  of  a  vioHn. 

K.D.  — The  same,  lasting  a  short  time. 

ICO.  —None, 

A11.S.—    •* 

An.  a—    <• 

An.O.—     ** 

The  ears  were  differently  affected.  On  the  right  side  there  was  "paralysis of  th 
aaditory  nerve,  paralysis  of  the  sense  of  touch,  as  well  as  paralysis  of  the  tiophk 
nerve,  decubitus  of  the  right  concha,'*  On  the  left  side  there  was  **  paral)^s  of  the 
aetve  of  hearing,  long-continued  hyperoslhesia  of  the  nerves  of  touch," 


*  Resistances  of  the  rheostftte. 
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Concerning  this  case  we  may  remark  * — 

1.  It  was  unquestionably  a  case  of  hysteria^  of  which  the  rheumatic 
affection  was  the  exciting  cause.  Very  likely  some  of  the  cures  of 
deafness  obtained,  now  and  then,  by  electrization,  are  of  a  similai 
character* 

2.  Although  the  element  of  time  should  not  be  ignored,  yet  the  re 
covery  was  mainly  due  to  the  electrical  treatment.  This  is  proved  by 
the  immetUaUntss  and  rapidity  of  the  results. 

3.  The  case  esiabhshes,  so  far  as  a  single  case  can,  the  substantial 
correctness  of  the  main  propositions  of  Brenner. 

4-  It  is  not  demonstrated  that  the  exdusive  use  of  either  pole  was 
necessary  to  obtain  the  result,  and  it  is  entirely  probable  that  the 
faradic  current  might  have  been  of  more  or  less  service. 

Deafness  folhimng  Cerehro-Spinal  Fever. — Our  own  experiments  in 
the  electrical  treatment  of  deafness,  following  cerebro  spinal  fever,  have 
been  entirely  unsatisfactory. 

Moos*  relates  a  case  of  cerebro-spinal  meningitis  that  was  followed 
by  complete  deafness,  that  gradually  improved  so  diat  he  could  heat 
one  or  two  feet.  The  patient  was  troubled  with  tinnitus  aurium  and 
also  with  headache  and  vertigo.  With  the  right  ear  he  heard  nothing ; 
with  the  left  ear  could  hear  the  voice  two  feet*  Temporarily  the  anode 
produced  a  diminution  of  the  subjective  noises*  After  twenty-two  sit* 
tings  the  hearing  power  was  raised  to  eighteen  paces ;  the  noises  and 
giddiness  were  nmch  diminished. 

Chronic  Suppuration  of  the  Middle  Ear. — We  have  experimented 
somewhat  in  the  treatment  of  chronic  suppuration  of  the  middle  ear  by 
the  local  use  of  the  galvanic  current.  The  experiuients  were  made  both 
in  private  practice  and  at  the  Brooklyn  Eye  and  Ear  Hospital  in  con- 
nection with  Dr5,  Matthewson,  Newton,  and  Prout  The  theory  on 
which  die  experiments  were  based  was  that  ulcerous  conditions  in  the 
ear  might  be  treated  electrically  just  like  similar  conditions  in  other 
parts*  Ulcers  on  the  mucous  membrane  do  not  yield  as  readily  to  elec- 
trical treatment  as  ulcers  on  the  surface  of  the  body,  and  do  not  bear 
electricity  as  well;  they  are,  however,  somewhat  susceptible  of  elec- 
trical treatment,  as  is  shown  by  experimeuts  in  chronic  urethritis  and 
granular  lids. 

LThe  method  of  treatment  adopted  in  these  experiments  was  to  insert 
electrode  with  a  long  narrow  extremity,  covered  with  a  little  cotton, 
into  the  auditory  canal,  through  a  rubber  speculum  ;  die  canal  being  filled 
ivith  tepid  water.     The  electrode  is  u*iuallyconuected  with  the  negatin 
1  •  Archives  of  Ophthaljnology  and  Otology,  vol  it.  No.  I.,  p.  33a. 
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pole  of  the  galvanic  current,  though  sometimes  with  the  positive  pole 
The  circuit  is  completed  by  the  hand  of  the  patient  holding  a  spong& 
electrode  or  resting  on  a  stationary  electrode.  Only  very  weak  cur- 
rents and  very  short  applications  are  borne,  and  it  is  almost  mivi' 
pensable  to  have  some  kind  of  rheostate,  so  that  the  current  may  be 
gradually  shut  on  or  off. 

Under  this  treatment  the  character  of  the  discharge  changes,  and  in 
some  cases  the  recovery  was  certainly  more  rapid  and  satisfactory  thao 
it  would  have  been  without  it.* 

*  Vide  Dr.  Roosa,  Treatise  on  Diseases  of  the  £ar»  p.  377. 
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The  use  of  electricity  in  midwifery  was  first  recommended  by  Ber- 
Iholon  and  Herder  (iSoj)*  Kilian  afterwards  used  "galvanic  obstetri- 
cal  forceps,"  made  of  two  metals.*  Faradic  currents  were  first  used 
tor  bringing  on  labor-pains  by  Hoenigerj  Zyly,  and  Jacoby,  of  Neustadt, 
b  1S44.  Since  that  time  the  same  agent  has  been  used  for  this  purpose 
by  Frank,  Dempsey,  Barnes,  Mackenzie,  Tyler  Smith,  Radford^  and 
others. 

The  indication  for  the  use  of  the  current  in  midwifer)'  is  declared  to 
be  an  adynamic  condition  of  the  uterus,  when  other  conditions  are 
favorable  for  or  necessitate  immediate  delivery.  Dempsey  records  a 
case  where,  after  ergot  in  large  doses  had  failed,  faradization  for  forty 
minutes  produced  uterine  contractions  that  resulted  in  the  delivery  of 
the  child. 

Frank  reports  a  case  of  miscarriage,  from  a  fall,  in  which  faradization 
produced  contractions  of  the  uterus,  and  stopped  the  very  profuse 
hemorrhage.  Mackenzie  succeeded  in  stopping  the  hemorrhage  in  two 
cases  of  placenta  praevia.  In  one  case  the  current  was  applied  for  six, 
and  in  the  other  for  three  hours.f 

These  observers  claim  tJiat  electricity  acts  more  quickly,  more  uni- 
formly, and  with  less  injurious  effects  than  ergot.J 

Both  M.  De  Saint  Germain  and  Tripier  are  highly  in  favor  of  fara- 
dization in  the  last  stages  of  delivery.  When  the  labor  has  fairly  begun, 
the  pains  coming  on  at  intervals  of  about  a  quarter  of  an  hour,  Triplet 
faradizes  the  lumbar  region. 

Uterine  contractions  soon  follow  and  occur  more  frequently,  while  the 
dilatation  of  the  neck  takes  place  rapidly.  In  cases  of  confinement  M. 
Tripier  always  faradizes  the  lumbar  region  by  means  of  two  electrodes, 
and  sometimes  he  applies  one  pole  directly  to  the  uterus.      According 

•  Meyer,  op.  cit.,  p.  452, 
f  Quoted  by  Meyer,  op.  dt,,  p.  452. 

X  Simpson  on/l  Scanzonl,  on  the  other  htnid^  deny  the  urtllty  of  electricitj  in  ndd- 
irifery. 
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to  his  account  the  placenta  is  expelled  immediately  after  the  foetus,  and 
although  it  was  evident  that  the  child  felt  the  current,  not  the  slightesi 
injury  has  ever  been  inl^icted.*  During  the  last  two  or  three  yews 
there  has  been  a  revival  of  interest  in  the  use  of  faradization  in  mid* 
wiferj*.  Quite  a  number  of  observers  in  different  countries  have 
reported  good  results. 

Dr,  A.  Murray,  of  this  city,  informs  us  that  he  has  treated  cightf- 1 
two  cases  of  inertia  uUri^  in  second  stage  of  labor,  by  external  hx9& 
zation,  and  always  with  good  results. 

He  states  that  it  acts  much  more  speedily  than  ergot  His  method 
is  to  place  one  pole  on  the  sacrum  and  the  other  over  the  abdomen. 
*]*he  applications  are  continued  for  from  eight  to  ten  minutes. 

p0st  Far  turn  Hemorrhage* — Faradization  has  also  been  used  with 
good  effect  in  post-partum  hemorrhage.  It  rapidly  produces  contrac- 
tion of  the  uterus,  and  thus  may  save  the  life  of  a  patienL 

It  is  to  be  applied  the  same  way  as  before  delivery. 

Some  obstetricians  always  have  a  farad ic  apparatus  on  hand^  in  cose 
of  parturition. 

Diseases  of  the  Mammary  Gland — Deficient  Lacteal  Secrttien*— 
Secretion  of  milk  may  be  increased  by  electrization.  Two  melhotli 
of  faradization  have  been  proposed^  one  by  means  of  moist  electrodes 
on  the  gland,  the  other  by  dry  electrodes,  with  a  view  to  excite  the  se- 
cretion of  the  gland  by  reflex  action. 

Successful  cases  have  been  reported  by  Aubert  and  Becqucrdt 
Aubert  cured  one  of  his  cases  by  dry,  the  other  by  moist  electrode 
In  the  first  case  the  patient  had  no  milk  three  weeks  after  partuntioil 
After  a  delay  of  seven  monlJis  the  treatment  was  applied.  The  third 
application  brought  on  a  milk-fever ;  after  the  fifths  milk  appeared,  la 
the  other  case  the  mother  was  attacked  by  pneumonia  ii^  roontbi 
after  confinement.  As  a  consequence  the  lacteal  secretion  ccasei 
Four  faradizations  with  moist  electrodes  filled  the  breasts. 

In  BecqiiereFs  case  recovery  was  obtained  by  three  applicationi 
Similar  results  have  been  obtained  by  other  observers. 

Dr.  Skinner,  of  Liverpool  {quoted  by  Althaus),  reports  a  case  of  * 
lady  who,  while  nursing  her  fifth  child,  suffered  complete  suppression  of 
the  lacteal  secretion,  which  the  Doctor  attributed  to  the  tincture  of  iron 
she  was  taking.  He  applied  the  current  (probably  the  faradic,  which, 
on  account  of  its  greater  mechanical  effects,  would  be  more  indial^d 
in  such  cases)  to  the  left  breast.  The  patient  felt  a  rush  of  milk  to  lh« 
breast,  and  in  a  few  hgurs  a  full  supply  appeared. 

^  Jounia]  de  M^ecinc  f  Quoted  by  Meyefi  op.  dL,  pp.  451  and  4$! 


DEFICIENT  LACTEAL  SECRETION. 


605 


The  right  breast  had  not  been  used  for  some  time,  on  account  of  a 
previous  abscess.  As  a  new  experiment,  the  Doctor  made  two  appUca- 
tions  of  five  minutes  each  to  this  breast,  and  brought  on  as  much  milk 
as  in  the  other. 

^P  Permanent  increase  in  the  iacieal  seerHhn  under  gemerai  and loealiMid far adUaiioH, 

Case  CLXIX. — Mrs^ ,  who  was  niirsing  her  second  child,  submitted  to  farar 

dization  far  the  relief  of  oervous  proslration  and  m^>miiia 

The  flow  of  milk  was  scanty  ;  quite  in5uMcient  for  the  proper  nourishment  of  the 
child.  Under  the  influence  of  general  faradization  the  patient  soon  stated  that  she 
ikoughi  her  milk  was  somewhat  more  abundant^  and  in  suhse<|uciit  st^anees  we  invaria- 
bly ended  by  localizing  the  current  in  both  breasts.  These  attempts  resulted  in  such 
a  decided  increase  in  the  amount  of  mitk  secreted »  that  the  infant  found  sufhcient 
nourishment  from  the  breast  without  re5t)rling  to  artificial  food. 

It  is  worthy  of  comment,  that  the  left  breast,  which  was  almost  dry  At  the  begin- 
n'ng  of  treatment,  finally  secreted  more  abundantly  than  the  right. 

Dr,  A.  Murray  informs  us  that  he  has  tried  faradization  as  a  galacta- 
gugue  in  thirty-seven  cases.  He  found  it  efficacious  in  about  two^thirds 
of  the  cases. 

Sore  Nipples, — -Sore  nipples,  like  ulcers  and  fistulie  in  general,  may 
be  treated  electncally  by  either  current,  but  the  galvanic  is  preferable. 

Different  forms  of  galvanic  nipple-shields  have  been  devised.  These 
act  like  the  electric  disks,  and  other  body  batteries. 

Dr,   A.   Murray,  of  this  city,  has  devised  a  galvanic  nipple-shield^ 
which  he  finds  very  valuable.     It  is  composed  of  silver  and  zinc.     It  is 
of  the  shape  of  a  percussion  cap,  and  the  size  of  a  small  ihirable.     This 
shield  is  kept  in  situ  by  strips  of  adhesive  plaster.     The 
milk  trickling  down  the  breast  may  offer  sufficient  moist- 
ure to  excite  galvanic  action  ;  or  a  small  piece  of  moist- 
tened  lint  may  be  interposed  between  the  nipple  and  the 
shield.     Dr.  Murray  claims  that  when  this  shield  is  worn 

■  for  several  hours^  the  excoriations  rapidly  heal- 
He  also  uses  this  shield  as  a  prophylactic,  and  for  this 
purpose  recomnieDds  it  to  be  worn  two  or  three  hours 
daily  for  two  weeks  or  so  before  confinement. 

Rohland,  of  this  city,  has  devised  a  galvanic  nipple-shield  of  a  differ* 
cnt  comtruction* 

Extra- Uterine  J^regnancy^—lu  the  first  case  of  extra-uterine  preg- 
nancy which  it  w^as  the  fortune  of  Dr.  Rockwell  lo  treat,  he  was  asked 
by  Dr.  T,  G.  Thomas,  one  of  the  consulting  physicians,  whether  it  was 
passible  to  readily  destroy  the  life  of  the  fuetus  by  the  electric  current. 
He  replied  that  it  could  undoubtedly  be  done,  but  the  important  ques- 
tion, it  seemed  to  him,  was  whether  it  could  be  accomplished  without 


Fig.  tj3. 

Murray's  Ga.1* 

vanic  Nipple- 

shield. 
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injury  to  the  mother.  This  question  was  answered  in  the  affinnative 
by  the  results  that  followed.  The  case  was  one  of  tubo-interstitial 
pregnancy,  at  the  third  month,  and  terminated  favorably  by  the  expul- 
sion of  the  fcetus  and  placenta  through  the  uterus.  The  history  of  this 
interesting  and  remarkable  case  was  carefully  written  out  by  the  at- 
tending physician,  Dr  Charles  McBurney,  and  published  in  the  JV^ 
York  AledUai  Journal  J  vol.  xxii.,  No.  j.  At  the  same  time  Dr,  Thomas 
took  full  notes  of  the  case  also,  and  as  they  fully  substantiate  the 
diagnosis  as  first  made  by  Dr,  McBurney,  and  which  was  quesiioncd  by 
some  journals  after  the  appearance  of  his  article,  we  are  glad,  with  Dr, 
Thomas*  permission,  to  give  them  as  follows : 


f« 


■n^ 


Casi  4/  tHb04nitrsHiial  prignamy  terminaiing  /awrabfy  by  txpuUhn  ^f  f^i^ 
and ptaciiita  through  the  titer ui. 

Case    CLXX.— On  ihc  second  of  January,  187S.  I  was  requested  by  Dr.  Cha^xVc* 

McBurney  to  see  with  him  Mrs.  A -,  a  priinipara,  aged  21  years,  who  had  !;»«<** 

married  on  the  nth  of  October,  1877,  and  had  been  all  her  life  in  perfect  heifc^^^' 
She  hiid  menstruated  for  the  lost  linie  in  October,  from  the  ist  to  the  5th,  am.<5  *^ 
the  lime  of  her  marriage  had  been  welt  for  six  days.  Subsequent  to  marriage  ** 
had  not  menstruated,  but  at  irreifular  periotts,  for  one,  two,  or  three  days,  sJie 
had  slight  sanguineous  dkchirgcs.  In  the  latter  j^rt  of  October  the  gastric  s^ 
tomsof  pregnancy  had  develojr»cd  themselves,  and  as  time  passed  on  the  mami 
symptoms  added  themselves  to  these.  Within  a  month  before  I  saw  her  Mrs. 
friends  as  well  as  her  physician  began  to  notice  that  she  looLcd  badly,  and  this 
together  with  the  symptoms  which  1  have  menLioned,  induced  Dr.  McBurney  to  a^ 
that  a  thorough  pliysical  investigation  should  be  made. 

Upon  examining  by  touch  he  discovered  to  the  left  of  the  uterus  a  cyst  which  ^^* 
the  iliac  fossa  and  pres$e*l  the  uterus  over  to  the  right  side  of  the  pelvis.  It  waf  c 
these  circumstances  tJiat  he  requested  me  to  see  Mrs.  A,  with  him.  Upon  pai —  ^^i 
the  left  index  linger  up  the  vagina  I  discovered  an  elastic  and  sensitive  cytt  to  tb  ■"  **'' 
of  the  pelvis  fiHing  the  iliac  fossa  of  that  side  completely.  Placing  the  palm  o»  ^  ^^ 
right  hand  over  thtf  abdomen  e?t(ernally  and  practicing  enjoined  manipulation,  ^^»  "^^ 
tinct  rounded  ma«5  could  be  felt,  which  was  *|uite  sensitive  to  pressure  and  %m  ■il'W* 
yieldetl  very  clearly  the  sensation  of  fluctuation.  This  was  very  closely  conn^^^^^'^ 
with  ihe  ulerus,  wbich  could  be  distinctly  mapped  out  lying  along  side  ol  and  i^^*^  '^* 
mediate  contact  with  jt.  The  uterus  was  smaller  than  this  mass,  and  altli^  -  ^^^ 
increasetl  in  size,  was  not  so  large  as  it  should  have  been  at  or  near  the  third  u— -^**^. 
of  utero'gestation.  Conjoined  manipulation  being  practised  with  one  finger  i-  -  "  ^ 
rectum,  under  the  extra-uterine  mass,  the  points  which  I  have  detailed  could  be  :=^ —  ^^ 
out  with  still  greater  certainty,  and  I  even  thought  that  I  got  the  evidence  o 
lottemcnt,  though  of  ihis  I  was  not  certain, 

I  arrived  very  positively  at   the  diagnosis  of  extra-uterine  pregnancy,   as^^^ 
McBurney  had  done,  and  at  my  suggestion  Dr,   T,   A,   Emmet  was  reqiicst^^^**^ 
examine  our  patient  later  in  the  day.  _ 

It  was  agreed  that  Dr,  Emmet  should  see  her  alone,  and  that  no  intimation  s^^^ 
ht  made  to  lum  of  the  opinion  at  which  we  had  anrived.    He  did  so,  and  «t  0©*,"'^  "^ 


^ 


EXTRA- UTERINE  PREGNANCY, 


607 


fly  agre«d  with  us  in  diiignos.is.  The  abdominal  walU  of  our  putient  were 
I,  and  she  was  su  perfectly  ma^nageable  and  so  dcsiruus  of  aidin];  its  tu  the 
f  her  power  irt  arriving  at  a  correct  conclusioti,  that  the  shape  of  the  uterus 
be  ma*4  which  existed  iii  contact  with  it  could  be  mapped  out  with  the  most 
;  certainty.  The  oaly  pos&ible  error,  it  eeemed  to  me,  which  could  affect  the 
I  was  this  :  there  might  exist  a  bi-comaie  uterus  and  the  left  horn  mi^ht  be 
tat  of  the  fcetus^  To  clear  up  this  duubt  and  to  make  the  &ize  and  posiiUofi 
:ertt5  still  more  certain,  I  met  Drs.  Emmet  and  McCurney  on  the  next  day 
osing  the  cervix  ulcri  with  a  Sims*  speculum  cautiously  passed  the  uterine 
It  was  deflected  decidedly  to  the  right  and  passed  m  for  a  distance  of  l>c- 
brce  and  four  inches.  I  turned  it  to  the  left  and  endeavored  very  gently 
lottbiy  to  penetrate  the  mass  tn  the  left  iliac  fossa,  but  it  was  iniposMble  to 
Drs.  Emmet  and  McBurney  then  used  the  sound  so  at  to  satisfy  themselvei 
ily  as  to  the  depth  and  position  of  1  lie  uterus  and  its  relation  to  the  cy^t  on 
of  it. 
npresslon  left  upon  our  mbda  upon  these  points  is  b(»t  represented  by  the 
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k-utcrine  mass  was  very  slightly  movable,  and  it  differe^l  from  cases  of 
•gnancy,  tvhicH  I  have  had  the  opportunity  of  examinin}^^  in  the  fact  that  it 
o  t>e  more  intimately  connected  with  the  uterus  itself.  Dr.  Emmet  thought 
conjoined  manipulation  he  succec<lcd  in  geltinj;  ballottement.  1  was  doubt- 
Jcr  I  got  it,  and  I  was  inclined  to  attribute  the  obscurity  a<9  to  this  puini  and 
e  and  rather  nodular  feel  of  the  lon-er  portion  of  the  mass  to  the  fact  that  the 
ititeirvened  between  the  finger  and  the  fretus. 

one  point  connected  with  the  use  of  the  sound  I  am  entirely  positive,  and 
s  f  desire  especially  to  fix  attention.  I  used  the  instrument  so  as  certainly 
broken  the  ftictal  envelopes  and  allowed  the  cscaj>e  of  the  liquor  amnii  harl 
Uion  been  uterine.     The  uterus  was  certainly  empty. 

ondttion  of  affairs  was  now  fully  explained  to  the  relatives  of  the  patient, 
the  conduct  of  the  case  unreservedly  to  our  discretion. 

rognosis  of  this  case  was  at  this  period  by  no  means  so  grave  as  it  sometimes 
*s  of  a  somewhat  similar  chafacter,  where,  as,  for  example,  in  one  published 
If  about  three  years  ago,  abtmdant  evidences  exist  that  rupture  i^  imminent, 
ut  is  certain,  and  \n  all  it  is  highly  probable,  thai  rupture  generally 
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occurs  fn  the  Fallopian  tube  in  tubal  pregnancy  from  contraction  of  ihtsdtiteBdtC  ■ 
muscular  canals  the  walk  of  which  are  composcfl  of  tissue  identical  in  nMivrt  utib 
that  which  forms  the  uterus.     The  tulie  develops  and  grows  as  ihe  uterus  doe»  it 
normal  pregnancy  in  an  elTort  to  meet  the  requirements  of  the  growing  foetal  muk 
Arrived  at  a  certain  |)ehoJ  uf  distention,  the  tube,  acting  as  a  vicarious  utertii^ca* 
deavors  trr  rid  itself  of  its  contents,  and  after  greater  or  less  effort,  being  resined  by 
the  constricted  extremities  which  separate  it  from  the  uterus,  on  the  one  hand,  imi 
the  peritonea!  cavity  on  the  other,  ruptures  in  its  attempts  to  accomplish  tlierestiL 
That  a  blow,  fall,  or  effort  of  the  abdoiuinal  muscles,  or  thai  mere  h3rdrostaitk  J 
Bure  exerted  by  the  arcumulation  of  liquor  amnii  could  and  sometimes  does  c 
rupture  of  the  fecial  nest  no  one  cun  doubt,  but  we  have  evidence  of  the  fact  thai  ik 
tube  does  contract  with  great  energy  under  the  stimulus  of  di«tcnCio«i  in  the* 
clonic  intermittent,  cramp  like,  and  agonising  eflorts  which  often  precede  ibe  ftiali 
issue  in  these  unfortunate  cases.     In  the  case  of  my  own  just  referred  to,  intcfroH- 
tent  pains  over  the  tumor  were  so  severe  that  for  several  weeks  before  rcmotil  «/  j 
the  fa?iu5  by  vaginal  section  the  patient  had  to  be  kept  almost  constantly  umb  ibe  | 
profound  infliiience  of  opium  administered  l»y  the  hypodermic  syringe.     Thai  these  \ 
**  cramps,"  as  the  patient  styled  them^  were  really  due  to  contraction  of  the  taben 
readily  ascertained  by  conjoined  minipulaiion  practised  during  the  existence  <^  one  , 
of  them,  when  the  mas,s  could  be  felt  c  mlracting,  condensiing,  and  hardening  iJ«elf 

The  question  of  treatment  now  came  under  consiileratton  m  Ihe  consultation,  tftl  , 
three  plans  were  fully  canvassed  ;  first,  that  of  leaving  tlic  ca!»e  to  nature  and  amit- 
ing  events  J  second,  the  resort  to  removal  of  the  fceius  liy  elyirolomy ;  and,  Ihwi,^ 
the  destruction  of  the  life  of  the  fetus  by  passing  through  the  eMm  utefine  s 
strong  electric  current.     After  some  ctiscus-sion  the  last  plan  was  agreed  upon,  no  not 
ftdvocatinj;  the  first.     My  voice  was  strongly  in  favoi   of  destroying  the  life  of  the 
embryo  and  leaving  it  intact  in  its  envelopes,  in  the  hoj^c  thai  it  might  become  to  ft 
certain  extent  ab-^orbed  and  then  encysted.      In  the  case  already  alluded  to,  in  »httl  j 
I  removed  the  ftTctus  by  clylrotomy,  the  urgency  was  so  great  from  disicmiun  «»t  j 
contraction  of  the  tul^  that  I  did  not  venture  to  resort  to  any  means  which  involifd  « 
delay  or  might  excite  muscular  spasm.     In  that,  too,  the  vaginal  exposure  of  t^ 
fcetal  ball  was  much  more  superficial  and  easily  attainable  tlian  in  lhi\  in  H'liid^i 
I  have  said,  f  h:id  reason  to  fear  that  the  placenta  intervene<l  l»etween  the  forlal  MtI 
and  the  vaginal  wall. 

On  January  3d,  at  2  P.M.,  Dr  Rockwell  met  Drs.  Emmet,  McBumey,  andmyjdi,  j 
bringing  with  him  a  galvanic  battery  of  thirty -^ix-cell  power,  and  wc  proceoled  (el 
pass  the  interrupted  current  tli rough  the  ma^^s  for  the  destruction  of  fnctal  life. 

The  battery  lieiiig  ready,  I  passed  through  the  rectum  a  sponge  elect ro<Ie  mnufitiJ 
upon  an  insulated  handle,  and  placed  it  jusl  under  the  fcelol  ball.  TbenplaciB{s 
broad,  flat  sponge  electrode  over  the  abdominal  face  ol  the  mass,  I  pressed  it  dc^o 
with  the  palm  of  the  right  hand,  the  patient  lying  upon  the  back,  and  ■  gentle  cb** 
rent  was  passed.  The  patient  becoming  soon  accustomed  to  this,  Dr,  RockwtO 
(jradually  increased  it,  and  stopped  the  a]iplication  at  the  end  of  five  minutes, 

On  the  next  morning  {January  4th),  at  9^  A.M.,  the  current  was  agam  pas^l  *^^ 
a  force  of  twenty- three  cells  for  three  and  a  haif  mintites,  and  an  appointment  mi*** 
for  half  past  nine  the  next  morning. 

After  the  fir>t  current  slight  p;rinful  contractions  were  excited  in  the  foetal  envfl^ft  j 
and  some  tenderness  was  developed  in  all  the  abdominal  muscles,  but  ncUlier  p*i^  1 
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ar  temperature  were  alTectcd.     After  the  second,  decided  and  \'€jy  painful  contrac- 
ans  were  excited,  so  that  opiara  had  lo  be  freely  ti^ed  to  qu\e\  suffering.     The 
ftttlse  gradually  rose  to  na  to  the  minute,  and  the  icmperaiure  to  ioif\     The 
whole  abdomen  was  tender  to  pres^surc,   but  none  of  the  symptoms  were  of  such 
baracter  or  magnitude  as  to  create  appreliensiona  of  inflammaLofy  iriiuble.     A  dis- 
harye  of  blood  from  the  uterus  now  established  itself,  and  continued  lo  the  end  ol 
be  case. 
On  the  evening  of  this  day  it  was  felt  Chat  thedeaLh  of  the  foetus  was  in  all  probfl' 
illty  accomplished. 

On  the  next  day  (January  5th),  at  9  A.M.,  I  met  Drs,  Emmet  and  McBurney, 
We  found  things  in  accordance  with  the  report  of  yesterday,  and  determined  to  await 
Meats  with  this  preparation  for  the  worst  that  could  befall — everything  was  fully  pre- 
■sred  in  an  adjoining  room  for  the  immediate  performance  of  gastrotomy  if  symptt^ms 
of  rupture  and  extension  of  the  foetus  into  the  ],ieriioneal  cavity  showed  themselves. 
The  contractions  of  the  tube  were  so  strong  and  often  repealed  Ihat  we  could  not 
divesl  ourselves  of  the  fear  that  before  they  could  be  quieted  by  opiates  and  time,  a 
solution  of  continuity  might  occur  at  the  point  ol  maximum  distention. 

Palpation  being  carefully  made  at  this  time,  llie  uterus  could  be  distinctly  felt  non- 
;jii tractile  and  quiescent  in  its  normal  position,  while  along  side  of  it  the  larger  ftetat 
etl  CO  aid  be  distinctly  distinguished,  at  limcj*  as  round  and  apparently  as  hard  as  a 
liard'ball 

Ac  It  AM.  on  this  same  day  (January  5C'i)  I  received  a  note  from  Dr.  McBurney, 
kbo  now  remained  with  the  patient  day  and  ntght,  summoning  me  in  baste,  and  say* 
that  things  had  suddenly  and  most  decidedly  changed.  The  tumor  in  the  left 
fossa  had  greatly  diminished  in  si^e,  while  the  uterus  had  suddenly  become 
eatly  distended  and  blood  was  pouring  away  from  it  freely.  I  met  him  in  half  an 
our  afterward,  when  I  discovered  that  this  uterine  tumor  bad  likewise  disap|>eared 
imultancousiy  with  tlie  expubion  of  a  foetus  and  a  placenta  of  perfect  character.  At 
be  time  ihat  the  tumor  of  the  iliac  fossa  had  disappeared,  the  patient  herself  noticed 
^be  alteration  in  the  relation  uf  itself  and  the  uterus,  which  has  been  mentioned 
above,  and  was  struck  by  the  sudden  iran^^ference  of  the  scat  of  pain.  When  this 
occurred  Dr.  McBurney,  supposing  that  the  uterus  was  distended  by  Wood,  made  a 
vaginal  exniminatiun  and  was  surprised  to  find  a  ilistjnct  sac,  like  a  bag  of  water,  pro* 
truding  from  the  os  uteri  externum.  Anxious  to  be  certain  if  this  were  the  case,  he 
passed  a  speculum  and  discovered  that  it  was  so.  He  then  punctured  the  sac,  which 
he  found  very  strong  and  resisting,  and  the  fri?tus  and  placenta  were  soon  ex|>ellcd, 

Tiic  hemorrhage  now  ceased,  as  did  likewise  all  pain  and  discomforl,  and  the 
patient  did  well.  On  the  next  day  |  January  6lh)  I  found  her  feeling  very  well  both 
mentally  and  physically,  Thrnughout  the  course  of  the  case  tt  appeared  that  she  had 
fully  unJerstoo<l  its  nature  and  il^  dangers,  and  had  calmly  nerved  herself  to  hear 
with  fortitude  whatever  fate  might  be  in  store  for  her.  A  year  or  two  before  this  a 
woman  had  died  from  this  cause  in  a  country  town  in  which  she  was  impending  ihe 
summer  holi<lays,  and  village  goss-ips  had  made  her  familiar  with  the  difficulty.  On 
this  visit  I  examined  carefully  the  uterus  and  late  fcetal  nest.  The  former  could  be 
distinctly  mapped  out  and  was  found  lo  be  very  slightly  sensitive  to  pressure.  The 
latter  could  be  fctt  with  almost  equal  distinctness,  though  now  insignilicant  in  bulk 
i  comparison  with  its  size  of  twenty-four  hours  ago,  and  to  the  touch  it  was  cxquis 
J9 
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itely  sensitive.  The  uterus,  now  no  longer  pressed  into  right  Utero-TerstoQ  by  u 
obtmdmg  mass  upon  its  left,  hid  reiumei  its  normal  posUioa  m  the  pelm  Fy 
135  will  convey  an  idea  of  the  impression  left  upon  my  mind  by  thU 


Tic.  13s. 

From  this  time  the  patient  progressed  without  any  noteworthy  occttrrence  l9  cm- 
plelc  recover) . 

The  termination  of  thU  form  of  extra  uterine  pregnancy,  by  exiHihion  of  tbeftft^ 
and  placenta  through  the  uterus  (which  ts  under  these  circumstances  brou^  ftM^ 
action  merely  &s  a.  prolongation  of  the  vagina),  is  by  no  means  unkfioiim. 

The  first  att^^iiipt  was  made  with  seventeen  ordinary  zinc  carbon  cdli 
freshly  charged.  Frequent  interruptions  were  made  (about  120  to  the 
minute),  and  excluding  short  intervals  of  rest  tl>e  patient  was  imdcf 
the  inriuence  of  the  current  about  three  minutes.  The  nntscle*  of  ibc 
abdomen  and  Umbs  were  somewhat  violently  contracted,  and  some  |iaai 
was  catiised,  but  the  patient  was  perfectly  ioiufortable  u]>on  the  Lrsi^ 
tioo  of  Ireatnient.  The  second  applicaiion  was  begun  with  cightccD 
cells,  and  this  number  was  gradually  increased  to  twcnly'lhrce. 


The  second  case  upon  which  Dr  Rockwell  operated  was  \n  tiic 
practice  of  I>r.  C.  E»  Htllington,  the  accuracy  of  whose  diagnosis  w« 
again  confirmed  by  Or.  Thomas,  The  result  in  this  case  was  entirely 
successful* 

The  third  case  he  treated  for  Dr.  Bache  Emmet,  who  had  in  cou* 
sultation  both  Dn  T.  Addis  Emmet  and  Dn  T.  G.  Thomas.  Dr. 
Emmet's  account  of  the  case,  with  its  favorable  terminaiion^  maybe 
found  in  the  jVr7t'  Yark  Medical  Jour  ttal 

In  the  fourth  case  he  operated  for  Dn  Everett  Herrick,  the  diagnosti 
being  doubly  confirmed  by  Drs.  Thomas  and  Emmet.     In  this  caie 
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agiin  the  fcetus  was  effectually  destroyed,  followed  by  the  prompt  re- 
covery of  llie  mother. 

At  the  last  meeting  of  the  American  Gynecological  Society  at  Boston, 
Dr.  T.  G,  Thomas  read  an  exhaustive  paper  upon  the  subject,  giving 
the  histories  of  some  twenty  cases  of  extra-uterine  pregnancy  that  had 
fallen  under  his  observation,  together  with  an  account  of  most  of  the 
cases  to  which  allusion  has  been  made,  and  in  which  electricity  was  so 
successfully  used.  In  addition  to  these  Dr,  Rockwell  has  more  re* 
Kcently  seen  and  operated  upon  three  other  cases  of  like  character  that 
Vhave  never  been  reported,  and  which^  if  possible,  even  more  strongly 
confinn  the  incalculable  value  of  the  treatment  in  these  dangerous  but 
somewhat  rare  abnormalities  of  pregnancy. 

The  fifth  case,  which  lie  saw  with  Dr  N.  S,  Westcott,  was  of  a  most 
interesting  and  unusual  character,  from  the  fact  that  with  a  normal 
uterine  pregnancy  was  associated  what  we  have  every  reason  to 
believe  was  a  tubal  or  extra-uterine  pregnancy.  Dr.  Westcott  had 
^previously  called  Dr.  Thomas  in  consultation,  and  it  was  at  his  sugges- 
^lion  that  electricity  was  used.  The  patient,  a  lady,  aged  about  thirty, 
last  menstruated  August  6,  1882.  Subsequently  she  complained  of 
more  or  less  discomfort  and  pain,  with  tenderness  in  the  region  of  both 
ovaries,  but  especially  marked  on  the  left  side.  On  September  iBtli 
an  internal  examination  was  made,  and  by  conjoined  manipulation  a 

•small  tumor  was  discovered,  about  the  size  of  a  pullet's  egg.  It  was 
situated  some  two  inches  to  the  left  of  the  median  line,  nearly  on  a 
level  with  ihe  brim  of  the  pelvis,  and  could  be  moved  from  Douglas' 
cul-de-sac  toward  the  margin  of  the  rtbs.  The  tumor  gradually  in- 
creased until  it  was  larger  than  a  billiard-ball.  There  seemed  to  be  no 
reasonable  doubt  as  to  its  character,  and  on  October  24th,  the  treat- 
ment by  electricity  was  attempted. 

The  constant  current  was  used,  with  one  pole  introduced  to  the  mass 
through  the  vagina,  and  the  other  over  the  tumor  externally  and  with 
rapid  interruptions.  The  maximum  of  current  strength  em[jloyed  was 
eighteen  cells,  or,  to  speak  more  accurately,  as  different  apparatus  vary 
much  in  electro  motive  force,  a  power  of  twenty-four  volts. 

This  operation  was  repeated  on  October  25th,  28th,  and  30th,  caus- 
ing the  tumor  not  only  to  perceptibly  decrea^ie  in  size,  but  to  change 
B  its  seat  by  an  inch  or  so  as  well.      Since   the  last   treatment  it  has 
■  gradually  grown  smaller,  until  at  the  present  date  it  can  barely  be  de- 
tected.    At  the  same  time  there  is  now  developing  in  the  uterus  a  six 
months*  fcetus. 

The  sixth  case  occurred  in  the  person  of  a  young  unmarried  woman, 
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residing  outside  the  city  limits,  and  by  special  request,  and  for  so/ 
ficient  reasons,  the  name  of  the  attending  physician  will  not  be  men- 
tioned. From  him  the  following  liistory  was  obtained :  Two  week* 
previously  he  first  saw  the  case  professionally,  and  found  that  she  v^i» 
suflfering  much  pain  in  the  right  side,  together  with  irregular  dtschargef 
of  blood.  The  patient  had  confessed  to  ihc  possibility  of  pregnancr, 
and  examination  elicitccl  many  of  the  objective  and  subjective  signs  ol 
this  condition.  Nausea  occurred  every  morning,  and  changes  haJ 
taken  place  in  the  areola.  Digital  exaniinaiion  revealed  the  lact  ihit 
the  OS  itterl  was  little,  if  any^  changed  from  its  normal  condition.  Bv 
pressure  over  the  right  side  it  ivas  possible  to  feel  a  certain  hardness 
not  present  on  the  other  side,  but  by  conjoined  manipulation,  with  one 
fmger  in  the  vagina,  a  distinct  rounded  mass  could  be  felt. 

Exaniinaiion  per  rectum  revealed  its  presence  even  more  distinctk. 
If  pregnancy  existed — and  of  this  there  seemed  to  be  no  reasonable 
doubt — it  bad  advanced  nearly  to  the  fourth  month,  and  as  the  turoof 
was  large,  much  larger  than  in  the  case  just  related,  there  was  ci'i 
dently  no  time  to  lose.  Dr.  Rockwell  had  brouglyt  with  liixn  a  suitable 
apparatus,  and  immediately  operated  by  introducing  one  pole  into  the 
rectum,  and  placing  the  other  externally.  On  account  of  the  great  dia^ 
tention  of  the  Fallopian  tube,  and  the  danger  of  rupture,  he  felt  live 
necessity  of  exercising  the  utmost  care»  and  consequently  made  use  uf 
the  interruptions,  with  a  current  strength  of  but  twelve  cellSt  or  abool 
sixteen  volts.  The  current  would  then  be  quickly  increased  without 
interruptioa  and  allowed  for  a  moment  to  pass  in  a  continuous  streacDi 
The  treatment  was  concluded  by  a  second  application  on  the  follow- 
ing  day.  Visiting  the  patient  some  two  weeks  subsequently,  he 
found  that  the  tumor  had  decreased  in  size  at  least  one-half,  and 
at  this  lime,  after  the  lapse  of  several  months,  it  may  be  said,  so 
far  as  any  external  evidence  of  it  is  concerned,  to  have  entirely  disap- 
peared. 

The  last  case  is  as  follows  :  On  December  14,  1882,  Dr.  Rockwell 
was  informed  by  Dr.  H.  Marion  Sims,  that  Mrs.  A  ,  a  patient  rf 
his,  was  suffering  from  extra  uterine  pregnancy,  and  was  by  hiw  tt' 
quested  to  undertake  the  destruction  of  the  foetus  by  electricity. 

Although  married  a  number  of  years,  she  had  never  before  been 
pregnant.  Dr.  Sims,  on  first  discovering  the  possibilities  of  this  con- 
dition, called  in  consultation  Dr.  T.  Addis  Emmet,  who  positively 
confirmed  the  diagnosis.  The  pregnancy  had  advanced  to  the  third 
month,  and  the  tumor,  which  was  about  the  size  of  a  child^s  fist,  wu 
movable  and  could  be  distinctly  felt  both  from  without  and  withia 
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The  size  of  the  enlargement  was  such  that  ihe  operation  was  urged 
immediately.  For  fear  that  the  cyst  might  be  in  danger  of  rupture 
through  uncontroUabk  movements  of  the  patient,  Dr,  Emmet  advised 
the  administration  of  an  anaesthetic. 

Ether  having  been  given  by  Dr.  M,  H.  Nash,  Dr.  Sims  placed  the 
uterine  electrode,  and  shocks  from  a  galvanic  current  of  but  sixteen 
volts  in  strength  were  passed  through  the  fcetal  mass. 
I     The  mildness  of  the  treatment  was  necessitated  because  of  the  un- 
tisual  nerve-irritability,  and  the  violence  of  the  muscular  contractions. 

Although  it  was  probable  that  the  destruction  of  the  fcetal  life  had 
been  effected  at  the  first  stance,  the  operation  was  repeated  on  the 
i8lh,  24th,  and  2  7ih  of  December,  for  the  purpose,  first,  of  absolute 
certainty,  and  secoi^d,  to  accelerate  the  absorptive  process.  Hie  con- 
[tour  and  seat  of  the  tumor  were  not  only  changed  after  the  first  appli- 
fiation,  but  it  rapidly  decreased  in  size.  The  patient  experienced  no 
unpleasant  effects,  and  within  a  short  time  was  able  to  start  for  Eu- 
rope. 

In  the  treatment  of  extra-uterine  pregnancy,  it  is  an  important  point 
to  be  decided,  as  to  the  best  form  of  electricity  to  be  used.  Not  only 
has  galvanism  and  electro-magnetism  been  successfully  employed,  but 
it  is  said  that  the  common  magneto-electric  battery  has  also  [iroved 
sufficient ;  but  from  both  a  physical  and  physiological  point  of  view,  and 
as  well  through  the  teachings  of  experience,  we  cannot,  for  our  part, 
doubt  that  galvanism  is  preferable  to  the  other  forms.  It  is  more  cer- 
tain in  its  effects.  It  has  a  greater  power  of  overcoming  resistance, 
and  consequently  its  influence  is  felt  deeper  than  the  other  forms. 
Four  important  effects  attend  the  passage  of  the  electric  current 
through  the  living  body,  and  all  these  undoubtedly  enter  as  factors, 
cither  in  destroying  the  life  of  the  fcetus  or  in  the  subsequent  process 
of  absorption. 

These  effects  may  be  designated  as  mechanical,  physical^  chemical^ 
and  physiological. 

The  mechanical  effects  of  the  interrupted  galvanic  current  are  equal 
to  those  of  the  faradic  current,  while  the  physical  effects,  manifested 
by  heat,  and  the  modification  of  eodosmose  and  exosmose  are  in  the 
main  the  results  of  galvanic  action. 

By  ihe  passage  of  the  galvanic  current,  the  endosmotic  phenomena 
may  be  both  stimulated  and  reversed.  The  faradic  current  from  the 
secondary  coil  produces  no  such  effect.  The  current  from  the  inner 
coil  produces  these  effects,  but  in  a  much  less  degree.  Chemical  or 
electrolytic  effects,  again,  are  almost  wholly  the  result  of  galvanic  ac- 
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tion,  and  it  should  be  remembered  that  the  electrolysis  of  organic  sab- 
stances  starts  a  process  that  continues  long  after  the  current  cesises  to 
flow.  The  physiological  effects  of  electricity  are  those  which  take 
place  by  virtue  of  the  vital  properties  of  the  body,  and,  unlike  the  other 
effects,  are  only  observed  in  living  substances.  Physiological  eftcti 
are  niariifcsted  on  the  circulation^  on  secretion  and  excretion,  but  only 
as  absorption  is  effected  does  it  interest  us  here,  and  it  is  quite  evi* 
dent  that  the  absorptive  powers  of  the  secondary  current  are  quite 
limited. 

In  any  case  of  tubal  pregnancy,  and  especially  in  those  adva 
conditions  where  the  lube  is  greatly  distended,  and  there  is  danger  of 
spontaneous  nipture,  the  possibility  of  hastening  this   caiasirophe  in 
the  attempt  to  destroy  the  life  of  the  fcetus  should  never  be  lost  sight 
of.     The  tybes  themselves  are  but  slightly  supplied  with  muscular  fibre, 
and  the  danger  would  more  especially  arise  from  the  powerful  com- 
pression that  is  liable  to  be  exerted  by  the  abdominal  muscles,  and  the 
effort  should  be  so  to  diffuse  the  current  |>rocceding  from  tlie  extemal 
pole  as  to  produce  the  least  mechanical  effect  possible.     In  rcganJ  t^ 
the  diagnosis  of  extra-uterine  pregnancy,  it  must  be  confessed  that  »^ 
is  not  always  an  easy  matter,  and  in  the  cases  just  related  the  questiot* 
may  arise  as  to  its  accuracy.     The  eminence  of  the  gentlemen  asso*::'*' 
ated  in  the  cases  should  perhaps  be  a  sufficiently  strong  argument  f<^ 
the  correctness  of  the  diagnosis,  but  conclusive  evidence  lies  also    *  ^ 
the  efiects  of  the  treatment  itself.     The  results  of  the  electrolysis  a-^^ 
well  known,  but  in  no  other  form  of  tumor,  cystic  or  otherwise,  is       ^ 
possible  for  the  galvanic  current,  used  as  described,  to  produce  similar  ^? 
prompt  and  effective  results.     In  regard  to  the  effects  of  electricity  C^^ 
nomial  pregnancy,  suggested  by  the  case  of  double  pregnancy  that  i^^"^ 
have  related,  a  word  may  be  said.     It  is  a  mistake  to  suppose  lb  -i^^' 
abortions  are  readily  produced  by  electricity.     Without  the  electro*:^-— ^^ 
is  introduced  directly  into  the  ulenis,  which  would  of  course  be  suP^^^^^^ 
cient   without  the  passage  of  any  current,  the  strongest  treatment  th      -*' 
it  is  prudent  to  give  may  prove  insufficient.     Of  this  we  have  had  t^^^^ 
dence  in  several  justifiable  attempts  to  bring  on  a  miscarriage.     In 
case  just  alluded  to  the  current  was  strong,  applied  by  shocks,  and 
close  proximity  to  the  uterus,  affecting  it  not  only  reflexly,  but  in 
measure  directly,  yet  the  normal  pregnancy  was  in  noways  disturb 
and»  so  far  as  concerns  general  applications  for  the  production  of  cc 
stitutional  tonic  effects,  we  have  in  many  instances  administered  thi 
with  impunity  through  the  whole  course  of  gestation,  and  with  the  tn^=3^* 
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happy  results.  The  question  may  be  asked,  What  becomes  of  the  foetal 
mass,  after  its  destruction  by  the  electricity?  The  probabiHty  is  that 
it  first  becomes  encysted  and  then  gradually  absorbed.  At  all  events, 
in  all  of  the  foregoing  cases,  the  enlargement  entirely  disappeared 
within  a  comparatively  short  time,  and  was  not  the  cause  of  the 
slightest  discomfort. 


CHAPTER  XXXIV, 


ARTiriCIAL  RESMRATION  BY  EI.ECTR12ATI0N  IN  CASES  OT  APPAItENl 
DEATH  FROM  DROWNING,  OR  SUFFOCATION  THROUGH  POISONOUS 
CASES,  OR   IN   ASPHYXIA  OF   NEW-BORN   INFANTS. 

The  process  of  exciting  artificial  respiration  by  faradization  *  is  as 
follows  : 

1,  Let  an  assistant  pul  the  head^  shoulders^  and  arms  of  the patieni  rn 
a  fixed  position^  ivhile  another  stands  ready  to  assist  the  exptratorj 
movements  by  pressure, 

2,  Graduate  the  current  to  a  strength  sufficient  to  produce  vigt^r^us 
contributions  of  the  muscles  of  the  ball  of  the  thumb,  and  then  press  the 
sponge  electrodes  (which  should  be  of  large  size  and  well  moistened} 
firmly  over  the  phrenic  nerves  at  the  outer  borders  of  ihe  sterna- clei4&- 
mastoid    muscles  and  at  ihe  lower  end  of  ihe  scaleni  muscles^ 

3,  Interrupt  the  current  (either  by  retnoving  one  of  the  electrodes^  #r 
by  an  interrupter)^  about  three  times  a  minute^  while  the  assistant  pressn 
firmly  on  the  abdomen^  pausing  occasionally  to  obsen^e  the  effect* 

4*  If  after  a  number  of  interruptions  no  inspiratory  movements  ap- 
pear^ increase  the  strength  of  the  current. 

In  some  cases  it  is  sufficient  to  put  one  electrode  over  the  phrenic 
nerve  and  the  other  in  the  seventh  intercostal  space. 

Large  electrodes  are  used  so  as  to  aflfect  the  other  muscles  which 
have  a  share  in  inspiration  (scalenus^anticus  and  stemo-cleido-raastoid) 
sitnullaneously  with  the  phrenic  nerve.  The  object  of  holding  the 
arms  and  shoulders  in  a  fixed  position  is  to  prevent  the  interference 
which  may  arise  from  the  contractions  of  the  muscles  of  the  arms,  and 
at  the  same  time  to  obtain  the  co-operation  of  the  serrarus  and  pectoral 
muscles. 

Prof  Ziemssen,  who  first  proposed  this  method  of  producing  artificial 
respiration,  advises  the  trial  of  the  galvanic  current   in   those   cases 

•  The  foradic  currenl  is  usually  employed  for  this  purpose,  althouj^h  the  intemi]it«d 
galvanic  current  might  answer  the  purpose 
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where  the  irritability  is  lost  to  the  faradic.  The  sanie  writer  presents 
a  number  of  successful  I  jsults  in  cases  of  poisoning  by  carbonic  add 
gas  vkith  this  method  of  treatment  from  his  own  and  other  experience.* 

In  opium  poisoning  artificial  respiration  by  faradisation  may  be  tried 
cithei  aIon<?  or  in  connection  with  other  methods.  Dr.  Iram  has  re* 
j^Hjrted  a  case  of  opium  poisoning,  which  recovered  on  the  application 
of  one  pole  to  the  neck  and  the  other  to  the  perinaenm,  after  tannin* 
coffcct  and  tartar  emetic  had  been  unsuccessfully  employed  for  several 
hours. 

Those  who  attempt  to  produce  artificial  respiration  in  emergencies 
are  frequently  unfamiliar  with  the  motor  point  (see  p,  287)  of  the  phre- 
nic, and  therefore  apply  the  pole  in  the  neck  indiscriminately.  A 
medical  acquaintance  informs  us  that  an  attempt  of  this  kind  which  he 
made  in  a  case  of  opium  poisoning  proved  instantaneously  fatal  to  the 
patient.  Under  ordinary  methods  the  patient  was  recoveringi  but  in 
order  to  expedite  the  progress,  faradization  was  tried.  One  pole  was 
placed  on  the  ribs,  and  the  other  somewhere  in  the  neck,  in  order  to 
,  find  the  phrenic  nerve.  Immediately  the  patient  ceased  to  breathe^  and 
J  no  further  treatment  availed  to  resuscitate  her. 

This  case,  so  far  as  we  know,  is  unprecedented.  It  is  explicable  only 
on  the  theory  that  the  shock  of  the  sudden  closure  of  the  current  near 
the  nervous  centre  destroyed  the  waning  life  by  concussion. 

lliis  unique  and  unfortunate  case  should  not  deter  any  physician 
from  resorting  to  die  electric  method  of  artificial  respiration  in  all  cases 
where  it  is  indicated,  any  more  than  the  equally  unique  case  of  blind- 
ness produced  by  the  galvanic  current  (recorded  by  Duchenne)  should 
I  deter  us  from  galvanizing  the  eyes  and  face, 

Meyer  records  a  successful  result  in  a  case  of  threatened  death  frona 
exhaustion  after  diphtheria.f 

Fried  berg  I  succeeded  in  restoring  a  chiki  of  four  years,  asphyxiate 
by  chloroform,  by  this  method,  combined  with  compression  of  the  dia- 
phragm.§ 

Many  failures  have  been  made  in  the  attempt  to  produce  artificial 
respiration  by  faradization,  because  the  operators  were  ignorant  of  the 
true  method  of  application,  or  were  not  sufficiently  persevering. 

Ur.  Beard  has  twice  failed  to  resuscitate  dogs  that  were  narcotized  by 

*  Die  Electricitat  m  del  MediclL,  1S66,  p.  174  ct  seq. 
f  Op.  dL,  p.  431. 

X  Quoted  by  Meyer,  op,  cit.,  pp.  431,  432* 

g  Irritation  of  the  phrenic  nerve  might  be  readily  combined  willi  Howard's  methcMl 
^  arliftdo]  Tespiration. 
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chloroform,  although  the  applications  were  begun  in  less  than  a  mlnult 
after  the  heart  ceased  to  pulsate. 

He  failed  also  in  a  case  of  opium  poisoning  in  an  infant  six  we*!k$  old 

Some  remarkable  results  have  been  reported  where  life  was  saved  hj 
faradization  around  the  neck  and  chest,  kept  up  by  intervals  for  maai 
hours* 

Dr.  Allan  McLane  Hamilton^  &oni  a  number  of  intetesting  eacperip 
meiits  undertaken  to  test  the  utility  of  electricity  in  asphyxia,  condudei 
as  follows : — 

1st.  That  it  is  useless  to  expect  good  results  if  five  mmutes  have 
elapsed  since  life  appeared  extinct 

2d  That  the  current  should  be  applied  faithfully  and  steadily^  oac 
pole  being  placed  on  the  ensiform  cartilage,  the  other  on  the  base  of 
the  skull  or  over  the  tracks  of  tlie  great  nerves  of  the  neck. 

3d,  That  the  faradic  and  interrupted  galvanic  currents  are  the  best 

4th,  That  the  current  should  be  applied  some  lime  after  respiratory 
movements  have  become  regular.* 

Mcmscitaiion  af  New-barn  Children, — Successful  experiments  in  the 
resuscitation  of  new-born  children  have  been  made  by  Schulx  and 
Pernice,  The  latter  succeeded  in  three  out  of  five  cases.  In  one  of 
his  cases  the  child  was  born  to  all  appearance  dead.  Restoration  wis 
accomplished  in  half  or  three-quarters  of  an  hour  by  the  alternate  use 
of  the  warm  bath  and  faradization  of  the  phrenic  nerve. 

I#egros  and  Onimus  f  have  experimented  on  animals — rats,  dogs^ 
with  a  view  to  bringing  on  resuscitatiou  during  syncope  from  Joss  of 
blood  They  used  the  galvanic  currcntp  placing  the  negative  [K)lc  in 
the  mouth  and  the  positive  in  the  bowels. 

Dr.  Rockwell  has  treated  several  cases  of  suspended  respiration*  A 
new-born  babe  was  to  all  appearances  dead  j  faradization  of  ihe  phrenic 
nerve  resulted  in  decided  manifestations  of  life  for  a  few  moments 
only.  In  the  case  of  a  lady  who  was  in  a  state  of  asphyxia— from  i 
subcutaneous  ijijection  of  morphine — ^faradizatlon  of  the  phrenic  neive 
excited  respiratory  movements  which  were  repeated  some  twelve  0* 
fifteen  times  after  the  current  ceased  to  pass*  He  did  not  succeed  ii 
Having  the  patient. 

^  Etectrkity  as  a  Means  of  Resuscitatioti.     Kmt  kon  PrActttioner,  Oct,  1^73. 
f  Gft&  des  H%.»  No.  55. 
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Palpitation  of  the  Heart. — That  galvanization  of  the  sympathetle 
and  general  electrization  have  a  pomtively  accelerating  or  sedative 
effect  on  the  action  of  the  heart,  we  have  clem  on  si  rat  eel  by  a  large 
nnniber  of  experiments.  {See  Electro- Physiology,)  This  effect  is  pro- 
duced by  the  action  of  the  current  on  the  sj^npathetic  or  the  pneumo- 
gastric  in  the  neck,  or  in  general  electrization  it  may  also  result, 
secondarily,  from  the  influence  that  the  system  at  large  receives  from 
the  application.  , 

Cases  of  functional  disturbance  of  the  heart,  associated  with  dyspep- 
^hla  and  hysteria  and  anemia,  we  have  found  to  yield  to  general  faradi- 
^Kation  in  a  large  variety  of  instances,  even  when  no  special  attention 
H'was  directed  to  the  sympathetic  or  the  pneuniogastric 
^H  Fliess  eacperimentcd  with  the  galvanic  current  in  twenty-four  cases, 
^Bnineteen  of  which  were  functional,  and  five  of  an  organic  character 
y  All  the  cases  were  more  or  less  relieved,  even  those  dependent  on 
structural  lesion,  while  the  majority  of  the  functional  cases  were  perma- 
nently cured. 

His  method  of  treatment  was  the  daily  application  to  the  pneiuno- 
gastric  in  the  neck  of  mild^  descending,  galvanic  currents,  for  one  or 
two  minutes.  Temporary  abatement  of  the  symptoms  followed  each 
application. 

The  treatment  of  functional  palpitation  of  the  heart  is  certainly 
worthy  of  more  attention  than  it  has  thus  far  received  from  electro- 

I  therapeutists. 
P^piieUion  af  the  h^att  associated  with  dyspepsia — Unusmal  nuctpiibiliiy  io  tki 
current — Great  improvement  under  general  faradinatwn. 
Cask  CLXXI. — Mr.  D.,  of  New  Jersey,  applied  to  m  March  ist,  1867,  with  the 
■ymptoms  of  weakness  of  the  stomach  and  liver,  and  also  of  functional  derangement 
of  the  heart.  He  was  tall,  somewhat  spare,  but  of  fair  muscular  development,  Hii 
occnjiation  was  that  of  a  farmer,  but  for  some  time  before  he  visited  us  he  had  been 
imable  to  makr  any  protracted  exertion,  lie  had  tested  various  kinds  of  interxLO^ 
medicines,  and  wiih  nnsaltsfactorv  nsul'.i. 
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During  the  fir^t  application  he  was  momentonly  overcome  by  a  fcebng  of  fiimtsaii 
1ml  at  once  rallied,  ami  wenl  away  feeling  stronger  and  brighter.  He  contintieii  to 
visit  u*>  two  or  three  times  a  week,  for  nearly  two  months.  The  improvement  «« 
§low,  but  very  positive,  with  occasional  temporary  relapses.  The  cardiac  ^frnptom 
^adually  diminished,  and  his  strength  increased  to  such  an  extent  that  he  wis  albk  t« 
i'csuroein  pri  his  daily  avocation. 

When  he  left  us  his  digestive  functions  were  well  performed,  and  he  bad  made  ir- 
rangements  to  enter  upon  an  active  and  pleasant  out  door  cmploymenL 

Angina  Pectoris. — ^The  treatment  of  angina  pectoris  has  ever  been  I 
iinsatisfactory.  The  cases  that  have  fallen  under  our  observation  were  ] 
mostly  of  a  chronic  character,  and  turned  to  electrotherapeutics  u  i ' 
last  resort.  As  illustrative  of  the  best  result  that  vi'e  have  been  able 
to  obtain  in  the  treatment  of  this  remarkable  disorder,  the  following  j 
case  is  presented  : 


Angina  fectoris — Pr&tabfy  of  an  idiepathk  charnttir — Reeouety  unaer  gftmilly 

faradisatioH^ 

CaseCLXXU. — The  patient  was  a  stout,  vigorous  man,  aged  4S,  and  fordglu«ei^ 
months  he  h«!  been  the  viciim  of  violent,  sharp,  shooting  pains,  under  the  sternum,  1 
the  left  shoulder  and  arm.    Frequently  the  neck  would  suffer,  and  occasionally  the  Jcft 
l<^.     Physical  exploration  gave  no  evidence  of  organic  disease;    and  as  it  was  tropot' 
sible  to  f^nd  any  external  exciting  cause,  we  attributed   the  symptoms  to  liiio))atiiic 
causes.     When  h<*  moved  more  rapidly  than  usual,  or  over-exerted   himself  tii  aayj 
way,  he  was  liable  to  be  seized  with  a  violent  sejtse  of  constriction  in  the  chest,  »hkb  > 
caused  him  to  feel  as  jf  about  to  die«     In  a  moment   the  radiating  pains  descrihed 
above  would  follow,  and  compel  hhn  to  stop  perfectly  stilL     His  appetite  and  dig?«»  , 
tion  were  but  little,  if  any,  impaired  ;  yet.  from  the  first,  the  frequency  and  severitM 
of  the  attacks  had  gradually  increa5Ked      As  a  rule,  a  paroxysm  occurred  every  dit,  | 
•nd  frequently  several  times  during  the  twenty* four  hours.     Occasionally,  bowrrer, 
a  week  would  pass  without  an  attack. 

We  made  u,se  of  general  famdtzalton  when  he  was  entirely  free  from  aay  c 
ness.     Three  days  elapsed  before  he  again  came  to  us,  but  during  this  ioterfal  tbe  ] 
malady  had  not  manifested  itself. 

Before  administering  the  secnnd  application,  the  patient  purpoisely  brought  oe  1 
paroxysm  by  violently  swinging  his  arms  and  bending  his  body.  In  the  midst  of  tk 
pain  the  positive  pole  was  suddenly  applied  ouer  t!ie  nipple,  and  a  rery  interne  ctr*  ] 
rent  sent  through  the  body.  With  the  rapidity  of  the  passage  of  the  electricity  itself, 
the  pain  left  him,  and  after  the  stance  had  closed^  he  found  it  imposihle,  hj  107 
effort  he  could  make,  to  bring  on  another  attack.  At  the  next  visit,  three  dayt  mb* 
sequently,  he  was  able,  by  very  violent  efforls,  to  bring  on  a  paroxysm,  but  of  &f 
'  less  severity  than  before.  Similar  treatment,  by  localized  faradization,  immedialdi 
relieved  him.  A  few  more  applications  were  given,  but  during  hi*  visits  to  ai  tt 
never  succeeiled  in  exciting  another  attack,  that  we  might  have  the  pleasoi 
duing  It.  For  several  months  after  he  wa$  discharged  as  cured,  he  had  no  ttXt 
the  angina. 
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Angina  peeioris — Decided  relief  under  central  ^nlvanizadon — Relapse. 

Cas%  CLXXIIT. — Mr.  H.  M.,  a^ed  35,  referretl  to  m  by  Dr.  I^amitu;,  bad  for 
twenty  years  been  a  sufFcrcr  from  cardiac  palpitations,  with  some  of  thti  symptoms  of 
angina  j.iecloris.  The  cardiac  palpitation  seeiiic<l  to  have  a  relation  l«>  tlie  condition  of 
the  stomachy  bein^  associated  with  and  apparently  dependent  on  attacks  of  indigestion, 
mttended  with  regurgitation  and  pyrosis.  It  was  one  of  tho«e  cases  where  it  was  diffi- 
rult  to  determine  precisely  in  what  organ,  or  nerve»  or  nerve  plexus,  the  symptom! 
irKjk  their  origiiu  The  patient  was  not  remarkably  intcUigeDt,  but  so  far  as  could 
be  gleaned  from  his  history,  the  attacks  involved  b.;>th  the  heart  and  the  stomach,  for 
it  was  certain  that  anything  that  excited  indigestion  often  ushered  in  paroxysms  of 
great  severity.  Organic  disease  of  the  heart  had  been  5usi>ected,  but  Dr.  Learning, 
a  skilful  and  practised  auscultatory  decided  that  there  was  no  such  lesion.  Medicine 
had  accomplished  but  little  for  the  patient,  and  we  decitled  to  use  central  galvanka* 
tion.  The  first  application  was  mild  and  brief,  but  it  caused  much  dizziness,  and  for 
the  moment  alarmed  and  worried  the  patient.  In  a  few  days,  however,  he  began  to 
improve  in  his  symptoms,  and  began  alw  to  bear  the  current  better.  For  aboQt  two 
months  the  patient  persevered  in  taking  the  treatment,  and  with  most  decided  im- 
provement. 

While  the  cure  was  not  perfect,  yet  all  his  symptoms  were  so  alleviated,  that  life 
became^  in  a  measure,  enjoyable,  instead  of  a  heavy  and  constant  burden.  Subse- 
quently he  relapsed. 

We  may  have,  as  illustrated  by  the  following  case,  a  retrocession  of 
the  rheumatic  or  gouty  diathesi^j  to  the  heart,  and,  according  to  some 
[  writers^  to  the  lungs  also,  producing  an  incurable  organic  lesion  that 
may  result  in  this  netirosis.  A  metastasis  to  the  stomach,  of  either  of 
ihe  two  diseases  just  mentioned,  may  give  rise  also,  according  to  others, 
to  symptoms  of  cardiac  neuralgia. 


Amgina  pectoris  following  repeated  attacks  of  gout — Aggravated  temporarily  if 
strong  galvanisatioH — Relieved  by  mild  general  faradiuttion. 

Case  CLX.VIV^ — Mr.  B.,  aged  52,  was  referred  to  us  by  the  late  Professor  Ge<>, 
T.  Elliott,  The  patient  wa?i  astoul^  plethoric  man,  somewhat  advanced  in  years  beyond 
the  middle  period  of  life.  He  was  ^jcrhaps  what  might  be  called  a  **  high  liver,"  and 
for  years  he  had  indulged  m  wines  freely,  although  not  to  great  excess. 

He  had  on  two  or  more  occasions  suffered  quite  severely  from  attacks  of  gout  of 
I  be  great  toe,  and  very  soon  after  recovery  from  the  last  attack,  he  l>cgaii  to  exjxri- 
encc  slight  sj^mptoms  of  his  |3Tcsent  difficulty*  The  pain  generally  commencetl  in 
the  chest,  behind  and  a  little  to  the  left  side  of  the  sternumj  and  extended  to  the 
khouliler  and  down  the  teg. 

Occaaonally,  the  symptoms  would  first  manifest  themselves  in  the  leg,  and  then  ex- 
tend to  the  bearU 

The  paroxysms  were  never  severe,  so  long  as  a  quiet  posture  was  maintained,  biU 
the  exertion  of  ascending  one  or  two  flights  of  stairs,  or  walking  a  few  blocks,  almost 
tnvoriably  excited  much  pain,  accompanied  with  a  very  distressing  shortness  of  breathe 
The  patient  remarked,  as  a  singular  fact,  that  while  such  slight  cJforts  readily  caused 
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canliAc  dbtross*  it  was  poissible  tor  turn  to  exerci5e  quite  violently  with  tight  domb-bellv 
and  yet  (puffer  from  none  of  the  evil  effects  that  iiitght  from  &nal<^f  be  expected  t« 
r.»llow»  The  first  two  applicaliofis,  given  in  Novcml>er,  1^*67,  were  foUciwed  bj  vo 
special  results. 

Treatment  with  a  powerful  faradlc  current,  on  a  third  occasion,  coQsidenH|  ip 
gravated  the  symptoms.  The  fourth  application,  given  with  a  milder  current,  worW 
an  immediate  change  for  the  better. 

The  pain  was  immediately  dissipated,  and  for  two  days,  until  we  taw  him  apiA,  1» 
was  far  tetter  than  he  had  been  for  months.  He  walked  a  lung  distance  wiihoal 
being  at  all  oppressed  in  breathing,  and  at  night  be  was  quite  conif*jrt«tb1e,  althuagfi 
heretofore  his  ^mptoms  were,  as  a  rule,  much  aggravate  1  at  this  time.  On  the  kO 
side  of  the  neck,  the  application  excited  pain  that  proceeded  toward  the  chest,  Onihi 
right  side,  no  such  effect  was  noticed.  Without  detailing  farther  the  incidents  («•• 
nectcd  with  this  case,  we  will  simply  say  that  treatment  by  both  current*,  together  wilfc 
persistent  medication,  accomplished  merely  occasional  and  tem|5orary  amelioration  ol 
his  distressing  S)'mptoms.  It  is  true  that  physical  exploration  gave  no  evirlence  ol  or* 
ganic  lesion,  but  in  consideration  of  the  undoubted  gouty  diathesis,  together  wilh  tta 
persistent  character  of  the  symptoms,  there  could  be  no  hesitation  in  declaring  tk 
existence  of  some  irreparable  structural  disease.  It  is  impossible  to  account  lor  tibc 
temporary'  but  marked  ,1  melioration  that  on  difTcrcnt  occasions  followed  the  applid^ 
tions^  without  we  refer  it  to  the  mild  anaesthetic  effect  of  the  faradic  current* 

Diseases  0/  the  Lungs, — For  diseases  of  the  lungs  electrization  hif 
accomplished  less  than  in  any  other  departtiient  The  rccogiiued 
gravity  of  phthisis,  together  with  the  d  priori  improbability  that  it  could 
be  directly  cured  by  any  known  methods  of  using  electricity — these 
two  causes  have  deterred  electro-therapeutists  from  making  even  expcri' 
mental  applications  io  diseased  lungs.  One  author — Bastings,*  rf 
Brussels — ^however,  has  reported  most  astounding  results  from  faradia* 
tion  of  the  muscles  of  the  chest.  If  we  accept  in  good  faith  the  stale- 
nients  of  this  author,  even  the  second  stages  of  phthisis  may  be  cured 
by  this  method,  which  seems  to  affect  the  lungs  not  directly,  but  ith 
directly,  through  the  muscvilar  development  which  it  causes,  and  the 
greater  amount  of  oxygen  which  it  enables  the  lungs  to  breathe. 

The  amazing  statements  which  the  author  advances,  concerning  the 
cure  of  consumption,  are  entitled  to  more  consideration  than  they 
would  otherwise  receive,  from  the  fact  that  the  fundamental  idea  on 
which  his  treatment  is  based,  namely,  that  faradization  of  the  muscles 
— electro*muscular  gymnastics  —  markedly  Increases  their  size  and 
itrength,  and  also  improves  the  general  nutrition,  is  eminently  so«n<l 
and  thoroughly  demonstrable,  as  we  have  shown  during  all  our  investh 
gations  in  electro-therapeutics. 

•  Die  Lungenschwindsucht  und  ihre  Heilung  dutch  Electridtlt.     TVanalatcJ  ifoa 

the  French  by  Dr.  Sill>ermann.     Tlrlangen,  iS66. 
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Vaust  ♦has  experimented  with  the  method  of  Basting j — electro-mus- 
cular gymnastics — in  growing  children,  who  were  not  affected  with  any 
t  special  diathesis,  but  who  '* presented  the  appearance  of  debility,  lath 
\  gf^^^t  and  lack  of  force  so  frequently  found  among  the  poorer  classes,^* 

The  results  were  **  wonderful*"  Not  only  were  the  muscles  of  the 
chest  greatly  increased  in  size  after  a  number  of  applications,  bul  thcii 
**  breathing  was  deeper,  their  appetites  better,  and  they  were  more 
cheerful  and  lively." 

After  six  months'  treatment  the  increase  was  still  more  marked  in 
some  of  the  cases.  According  to  our  experience,  the  growth  of  the 
muscles  under  faradization  is  at  first  quite  rapid,  but  subsequently 
tnuch  slower,  and  in  a  few  months  becomes  stationary. 

Bastings  has  used  these  electro-muscular  gymnastics  in  consumption, 
not  with  a  view  to  directly  affect  the  tuberculous  deposit  at  all^  but,  ^y 
strengthening  the  muscles  of  the  chesty  to  so  improve  the  respiratory 
fower  that  more  air  can  be  inspired^  and  so  benefit  result  to  the  healthy 
portion  of  the  lung,  and  indirectly^  through  better  oxygenation  of  the 
^iood^  to  a  certain  extent  on  the  diseased  portion  and  on  the  whole  system. 
i  The  method  and  principles  of  treaUiient  in  all  his  cases  was  substan- 
tially similar — electro-nmscular  gymnastics :  about  half  a  minute  was 
given  to  each  muscle,  and  about  five  minutes  to  each  sitting*  Fro* 
ionged  treatment  was  found  to  be  injurious. 

The  general  statements  of  the  author  were  confirmed  by  Dr.  Ikjugardf 
who  affirms  that  the  patients  remain  cured  for  one,  two,  or  three  years. 

Dr.  Crocq  also  speaks  favorably  of  the  method  of  Bastings,  although 
in  the  treatment  under  his  own  direction  of  the  very  severe  cases  of 
consumption  in  the  St,  John  Hospital  he  obtained  no  positive  results. 

Although  the  beneficial  effects  of  muscular  exercise  in  consumption 
have  long  been  conceded,  yet,  in  the  present  state  of  the  professional 
mind  on  the  subject,  the  statements  of  Bastings  will  need  more  ntuner^ 
ous  indorsements  before  they  are  accepted. 

We  would  suggest  a  method  of  treating  pulmonary  tuberculosis, 
which,  so  far  as  we  know,  has  not  been  used,  but  which  is  surely  worthy 
of  a  trial.  This  method  would  consist  in  external  galvanization  of  the 
diseased  portion  of  the  lung  with  a  mild  stable  current.  The  electric 
current  might  thus  act  on  the  diseased  lung,  as  it  acts  on  inilamed  and 
ulcerated  sui faces  elsewhere* 

•  ^iedictnisches  Jounud,  vol.  38,  Juni  i  S64,  p.  599.  Sitamng  der  GcselL^^ckaft  fut 
Medictn  und  NaturMrissenscharten  zu  Brussels  vom  2.  Mai  1S64.  This  paper  is  pr^ 
tented  in  the  ymtV  of  Bastings  nbove  (juoled,  p.  1 19  et  sct^ 

\  Op.  dt.,  p.  147,     Loc.  cit.,  p.  142  et  seq. 
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Exophthalmic  goitre  is  so  comparatively  infrequent^  and  its  path* 
ology  so  iniperfeclly  understood,  that  its  therapeutics  have  necessarily 
been  more  or  less  uncertain*  When,  therefore,  the  use  of  electncity  is 
suggested,  the  question  that  first  arises  in  the  luinds  of  those  who  have 
but  little  practical  experience  in  methods  of  electrical  treatment,  relates 
to  the  kind  of  citrrent  and  the  details  of  its  application.  In  regard  to 
the  current,  every  physiological  consideration  and  all  experience  jjoiats 
to  galvanism  as  pre-eminently  indicated,  and  yet  wc  must  bear  testi- 
mony to  the  fact  that  the  faradic  current  is  not  in  every  case  useless 
The  applications,  however,  must  not  be  local  but  general^  aht-r  llie 
method  of  general  faradization,  and  in  a  certain  proportion  of  cases 
where  there  is  anaemia,  with  marked  nervous  irrt  I  ability  and  physical 
weakness,  benefit  will  certainly  follow,  provided  always  that  the  opcrt- 
tor  will  take  sufficient  trouble  to  appreciate  the  various  steps  of  ll*^ 
process  and  make  his  applications  practically  efficient 

In  the  use  of  the  galvanic  current  upon  which  we  are  mainly  to  rely, 
we  have  obtained  good  results  by  placing  the  cathode  over  the  alio- 
spinal  centre  above  the  seventh  cervical  vertebra,  and  the  anode  in  the 
auriculo-maxillary   fossa,   gradually   drawing    the    latter   (after  a  fc* 
moments  of  stabile  treatment)  along  the  inner  border  of  the  sieroo- 
cleido-niastoid  muscle  to  its  lower  extremity.     The  second  stei>  in  thw 
process  consists  in  removing  the  anode  to  the  position  occupied  by  ^^ 
cathode,  and  placing  the  latter  over  the  solar  plexus,  using  for  a  mint*^^^ 
or  so  longer  a  greatly  increased  strength  of  current. 

In  one  case,  failing  after  considerable  effort  to  accomplish  more  tt^^B 
a  very  moderate  degree  of  amelioration  of  the  symptoms,  we  made  ^-^ 
of  currents  that  were  rapidly  increased  and  diminished  every  few 
onds,  as  described  in  Case  iSt,  with  very  great  benefit. 

Subsequently  to  this  we  came  across  a  case  originally  published 
Dr.  Ancona,  in  the   GwrnaU   Vendo  di  sdcnze  medic  he ^  which 
esca[ied  our  notice,  where  an  obstinate  and  severe  case  of  Graves' 
ease  had  been  cured  by  this  method  of  current  interruption.    The 
was  accomplished  only  after  the  administration  of  one  hundred  ^ 
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caiions.  Exophthalmic  goitre  is  undoubtedly  of  centric  origin,  and  in 
many  cases  structural  changes  of  the  sympathetic  must  underlie  all  ihe 
observed  symptoms.  Oa  the  other  hand,  the  rapid  recoveries  that 
have  been  known  to  follow  the  administration  of  certain  methods  of 
treatment,  render  it  in  the  highest  degree  probable  that  the  symptoms 
may  depend  as  well  on  functional  causes  alone.  Its  onset  and  course 
have  been  so  frequently  and  fully  described  that  it  seems  entirely  un- 
necessary to  attempt  any  detailed  description  of  its  numerous  symp- 
toms other  than  what  will  be  found  in  the  accompanying  cases.  One 
fact,  however,  in  our  own  experience,  that  will  be  noted  as  the  cases 
are  given,  strikes  us  as  worthy  of  a  moment's  attention,  and  that  is,  the 

■  frequency  of  the  disease  in  its  incomplete  form.  By  this  is  meant  the 
cases  where  the  exophthalmus,  the  thyroid  enlargement,  or  the  cardiac 
symptoms  were  either  absent  or  but  slightly  developed. 

In  three  cases  the  eyes  were  vGry  little,  if  at  all,  aflfected,  while  the 

cardiac  palpitation  and  thyroid  swelling  were  very  decided.     In  one 

|H  case  the  pulse  was  but  SS,  while  the  other  two  symptoms  were  dis- 

^tmctly  present.     In  every  case,  however,  that  has  fallen  under  our 

observation,  the  thyroid  was  large  and  pulsating ;  and  yet  Trousseau 

and  others  report  cases  which  they  regard  as  true  examples  of  Graves* 

I  disease,  where  there  was  little,  if  any,  evidence  of  glandular  enlarge* 

[  iDent. 


£jC0phihiUmic  g&Ure  of  one  yearns  standing — Increased  temperature — Recovery 
foilim/s  fifteen  applieations  of  gahnxnism* 

^B     Case  CLXXV. — The  patientf   John  L *,  wjw  a  pale,  sUm  ni»n,  Bgcd  29,  and 

by  occupation  a  compofiitQr.  The  three  cardinal  symptoms  of  the  disease,  viz.  : 
exophthalmos  swelling  of  the  tbyroiti  gVand,  and  palpuation*  were  present  in  a 
marked  degree,  and  in  addition  there  was  a  want  of  harmony  between  tbe  move- 
ments of  the  upper  eyelid  and  eyeball,  a  phenomenon  first  observed  by  Von  Graefe* 
nod  by  him  regarded  as  pathognomonic. 

Tlie  history  and  antecedents  of  the  case  arc  as  follows :   The  mother,  now  deceased^ 
suffered  from  epileptic  seizures  from  the  earliest  remembrance  of  our  patient,  while 

•  fto  older  sister  was  the  victim  of  frequent  and  severe  attacks  of  hysteria.  The  falhtf 
Ijad  been  intemperate,  and  died  of  delirium  tremens.  It  would  thus  licem  that  we 
had  in  this  history  ground  for  a  belief  in  the  importance  of  the  relation  of  hereditary 
influences  to  these  conditions. 

The  health  of  the  patient  up  to  his  twenty-fifth  year  bad  been  uniformly  gofMl,  and 
the  only  evidence  of  a  neurotic  predisposition  was  an  occasional  and  uncxpl.iinable 
tendency  to  insomnia  for  a  year  or  fio  previous  to  the  firtt  lymptomfi  of  liis  disease. 
J  We  first  saw  the  man  July  6,  1879, 

During  the  summer  of  1S7S  he  observed  a  slight  swelling  of  the  thyroid  ;  very  soon 
ImAer,  considerable  palpitation ;  and  later  still,  proirnsion  of  the  eyeljalli.     It  is  to  be 
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noted  in  passing  that  the  order  of  the  onset  of  the  symptoms  is  nnusaal,  the  thjToM 
enlargement  usually  bemg;  second  in  order  of  development  instead  of  first. 

On  our  tir-jt  exammalian  wc  found  the  gland  enlarged  to  alK>ut  the  siie  of  ihefisi 
of  a  child  of  ten  years,  the  pulse  beating  m  frequency,  12$  to  the  minute,  while  iSf 
protrusion  of  the  globe  of  the  eye  was  as  great  as  in  any  case  we  have  seen.  By  sub- 
&e«|ueiit  examination  we  found  that  the  pulse  ranged  from  no  to  130.  On  throe  dtf* 
fcrcnt  occasions,  where  the  axillary  thermometer  Avas  used,  it  marked  ico%  I0l\ 
100.4^  The  appetite  of  the  |.xitient  was  poor,  bis  secretions  disordered,  uid  hii 
general  strength  itiipaire<i.  After  &ome  preUininary  medication  of  a  corrective  nattire, 
we  gave  the  ordinary  prescription  of  quinine  ajid  iron,  and  at  the  same  time  hegta 
the  applications  of  the  galvanic  current 

The  force  and  rapidity  of  the  heart-beats  were  greatly  modified  ;  and  accompaQy* 
ing,  or  rather  following,  by  a  week  or  ten  days,  this  subsidence  of  the  violent  paipiu- 
lion,  there  was  a  very  noticeable  decrease  of  the  exophthatmus.  A  decrease  in  tin 
size  of  the  thyroid  was  not  observed  until  some  days  after,  and  disappeared  with  much 
less  rapidity  than  the  other  sjTnptoms.  In  order  to  hasten  the  cure,  we  very  ca«« 
fully  performeil  electrolysis  on  two  occasions,  and  with  evident  benefit. 

At  the  (late  of  wriiing,  Aiignst  20,  1879,  after  having  received  fifteen  applicatiocos 
the  [laHcnt  has,  so  far  as  relates  to  the  palpitation  and  exophtbtlmuv  eutirciy 
recoveretJ. 

The  goitre  has  decreased  m  size  fully  twa-thirds,  and  is  quite  hard  and  firm,  1 
change  which  is  to  be  attributed,  in  all  probability,  to  a  hyperplasia  of  the  glanduUi 
tissue  taking  the  place  of  the  dilated  vessels. 


We  place  the  following  case  on  record,  not  only  because  of  the  bene- 
lit  accrtiing  from  treatment,  but  as  illustrative  also  of  two  jare  sym\>- 
tonis  in  connection  with  Graves*  disease,  vi^. :  ist.  Dilatation  of  the 
pntiils*  2d,  Swelling  atid  piilsation  in  the  region  of  the  solar  plexus. 
We  are  not^  indeed,  aware  that  any  case  of  Graves*  disease,  m  which 
this  last  syniptoni  may  have  possibly  been  observed,  has  ever  before 
been  |nibHshed. 

Accepting  the  theory  of  a  disturbance  of  the  sympathetic  as  a  cause 
of  this  affection,  it  is  not  remarkable  that  its  lower,  as  well  as  its  upper 
ganglia,  should  be  the  seat  of  the  disease,  sufficient  to  cause  a  dilatx^ 
tion  of  the  vessels  branching  from  the  cceliac  axis,  analogous  to  tka 
observed  in  the  arteries  of  the  thyroid  gland.  In  consideration  of  the 
rarity  of  this  symptom,  therefore,  it  is  interesting  to  recall  the  fact,  that 
ill  eight  autopsies  where  changes  were  observed  in  the  synipaihctic  and 
its  ganglia,  they  were  confined  to  the  cervical  portion,  the  thoracic  and 
abdominal  sympathetic  being  entirely  healthy. 

In  this  case  there  must  necessarily  have  been  marked  disturbance  of 
the  lower  ganglia,  but  the  complete  and  permanent  disappearance  o( 
the  gastric  swclbng  would  seem  to  preclude  the  probability  of  the  exisV 
ence  of  any  lesion. 
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In  the  very  few  cases  of  exophthalmic  goitre  in  which  dilatation  of 
the  pupils  has  been  observed,  the  cause  is  su[>posed  to  be  due  to  a 
•*  paralysis  of  the  pupillary  branch  of  the  oculo  motor  nervet  conse- 
quent on  neuro-para lytic  dilatation  of  the  vess^tls.  The  isolated  par- 
alysis of  this  branch  (the  other  hbres  of  the  motor  oculi  remaining  un- 
affected) is  referred  by  Stellwag  to  the  fact  that  the  branches  destined 
for  the  pupil  do  not  join  the  other  ocufo-motor  fibres  until  after  the 
latter  have  crossed  tiie  crura  cerebri,  and  that  they  have  been  [Jroved 
to  originate  from  several  centres  of  various  function." 

Ex^pkthalmk  gQitn^  wilh  bilateral pirspiration,  enlargtil pupils ^  etc. — Rapid  and 
decided  relief ^  hnt  not  a  perfect  recoi^ery. 

Case  CLXXVI, — ^Mrs,  G  ,  agecl  about  40,  came  to  us  for  the  relief  of  an  ex- 
ophthalmic goitre,  May  3,  1S76.  The  eyes  were  much  protrudeil,  the  thyroid  prorai* 
ncnt,  and  the  cardiac  palpttation  violent.  The  average  frequency  of  the  pulse  was 
about  115,  but  on  v^arious  occaisions  we  found  that  it  was  beating  at  the  rate  of  140 
to  the  minute.  The  patient  was  annoyed  by  profufc  bilateral  j^erspiration,  the  pupils 
uf€r€  tnUrged^  and  vertiijo  was  a  frequent  symptom.  The  appetite  was  generally 
good,  but  she  complained  of  much  nausea. 

She  referred  to  one  other  symptom,  which,  if  related  to  the  disease  as  an  effect,  as 
it  would  seem,  was  quite  new  to  ub,  Suljsetjuent  to  the  development  of  the  three 
caLrdinal  symptoms,  which  occurred  In  ihc  following  order — palpitatiiin,  thyroid  eii- 
birgement^  exophthalmus,  a  ^wcHmg  apj>ear€d  near  the  pit  of  the  stomach,  which  in 
size  and  vigor  of  pulsation  was  more  marked  than  the  goitre.  We  may  remark  that 
Dr.  S.  S.  Purple^  of  New  York,  had  attended  the  patient  m  several  confinementfi^ 
and  was  cognizant  of  the  disease  in  question. 

Dr.  Purple  informed  us  that  she  had  suffered  much  froTn  malarial  poison,  to  which, 
together  with  the  effects  of  a  labor  of  some  severity  shortly  previous,  might  possibly 
be  attributed  the  symptoms  in  question.  The  first  signs  of  the  disease  were  manifest 
tome  three  years  before  she  came  under  our  observation. 

We  .administered  to  this  patient  seventeen  applications,  ten  of  which  were  with  tlie 
galvanic  current,  locally  applied,  while  seven  were  with  the  faradic  current,  and  were 
more  general  in  their  nature.  AmeliaraEion  followed  very  quickly,  and  at  this  date 
(lS^>  the  only  symptoms  of  the  disease  is  a  very  slight  swelling  of  the  thyroid,  and^ 
to  a  modified  form,  a  tendency  to  occasional  cardiac  palpitations. 


Exophthalmie  goitre  associated  with  spinal  irritation — Approximate  reeovtry  fol* 
lofUfs  galvanisation  and  general  faradisation. 
Case  CLXXVII. — Mrs,  E  — ^,  aged  31,  married,  and  the  mother  of  two  children, 
was  seen  with  Dr.  L  B,  Read.  She  first  observed  an  appreciable  hacrcasc  in  the 
rapidity  of  the  hearths  action  in  the  fall  of  1S7S.  About  the  same  time,  or  soon  after^ 
ns  she  was  standing  before  the  mirror,  her  attenlion  was  called  to  an  increased  ful- 
ness about  the  neck,  and,  upon  passing  her  hand  over  the  part»  she  became  aware  of 
what  she  termed  a  treating  sensation  and  a  softer  feeling.  These  symptomf*  increased 
somewhat  rapidly,  until  they  assumed  the  condition  presented  when  the  case  came  to 
tt$  in  October,  187^     At  this  time  the  heart  was  beating  at  the  rate  of  t20  to  115 
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per  minute,  and  on  exerctse  or  under  excitement  it  went  up  to  150  per  mmate.  The 
tliyroid  enlargement  was  maxlced,  though  not  enormous,  while  the  eyt%  vrare  tjohc 
protuberant  and  bloodshot. 

Around  the  neckn,  over  ihe  thyroid  gbnd,  the  measurement  was  fifteen  inchcL 
The  patient  was  clilorotic^  hysterical,  and  nervous  to  the  last  degree,  and  it  was  mih 
the  greatest  difficulty  that  she  could  be  induced  to  submit  to  the  necc&$;iry  esi^muii- 
tion  and  treatment.  The  spine  was  exceedingly  sensiiive  to  pressure  all  aloog  itj 
course,  and  especially  between  the  scapuhc,  where  firm  pressure  invariably  caused 
nausea  ;  and  on  the  occasion  of  her  second  visit,  while  running  our  fingers  down  ll« 
back,  and  lingering  for  a  moment  with  a  somewhat  increased  pressure  over  the  mocf 
sensuive  portion,  she  immediately  but  quietly  rejected  her  breakfast,  wbkh  bad  beea 
taken  an  hour  before. 

Ii  Is  to  be  remarked  that  these  evidences  of  spinal  irritatj<»n  and  cxtrcroe  nervow- 
ness  became  manifest  only  after  the  appearance  of  symptoms  indicatmg  ei-ophthalfluc 
goitre.  The  only  caujie  which  seemed  to  bear  any  relation  to  the  onset  of  the  discaw 
was  the  one  that  ha^  been  so  frequently  observed,  viz.,  childbirth.  A  short  tmie|ife* 
viously  *he  had  suffered  from  a  long  and  tedious  confinement,  but  her  recoYcrf  hai 
been  apparently  quite  salnfactory.  We  submitter!  her  to  the  usual  methods  of  gal- 
vanization of  the  sympathetic  and  central  galvanuaiion,  and  with  some  benefit.  The 
heart*s  action  became  somewhat  more  re^lar  and  less  frequent,  the  goitre  docftaiei 
a  little  in  si/e,  and  the  spine  became  less  sensitive. 

Improvement^  however,  ceased  at  this  point,  and  the  case  remaining  statioiuuy  ^ 
nearly  a  month  we  attempted  general  faradization. 

We  have  on  several  occa'iions  pointed  out  the  fact  that  general  faraditatiod  isoftai 
most  elTective  in  towering  a  pulse  that  is  rapid,  as  a  resultant  of  nervous  excitcocsl, 
and  increasing  its  sfrfngth  as  well,  when  it  is  both  rapid  and  weaJc  through  aervovi 
exhaustion.  This  effect  upon  the  pulse,  as  experience  shows,  and  as  electro  ph]r<iQlo0 
teaches,  is  most  frequently  observed  in  exophthalmic  goitre  after  the  use  of  ibegil* 
vanic  current. 

In  this  case,  hovcver,  after  galvanization  had  ceased  to  be  effective,  general  fcra- 
dization  was  followed  by  a  still  greater  diminution  in  the  frequency  of  the  pobc,  by  ' 
decrease  in  the  thyroid,  ant  lessened  sensibility  along  the  spine.  After  tweoty*^  ( 
applications  of  general  faradization,  administered  In  the  course  of  two  months,  ifce 
measurement  of  the  neck  had  decreased  by  two  inches,  leaving  a  VC17  slight  Imt  hsA 
enlargement  in  place  of  the  larger  and  softer  tumor  that  was  present  at  the  beginniaf 
of  treatment.  The  frequency  of  the  pulse  decreased  to  about  85  pet  minute,  atid« 
not  particularly  susceptible  to  su  Iden  fluctuations  under  excitement  or  exertbtit  vhik 
she  had  gained  immensely  in  nervous  strength  and  self-a^ntrol. 


Exophthalmic  goitre  </  tm0  ycar^  fianding, — Tnatituni  rnuiis  in  btti  rfighi 

benefit. 

Case  CLXXVIII.— Miss  M-=-,  aged  2a,  was  seen  with  Dn  E.  B.  Bchicn,  •  Vu 
jS,  1879,     Mensiniation  began  at  the  age  of  seventeen,,  hut  was  scanty  and  irresfuUr 
for  two  years,  after  which  for  awhile  it  appeared  normally.     At  the  age  *  ' 
menstruation  again  liecame  irregular,  and  attended  also  with  cramps  and  c*-. 
pain.     At  this  lime  appeared  the  first  evidences  of  exophthalmic  goitre,  and  ^liert  *< 
saw  her  two  years  subsequently,  the  three  cardinal  synai^toms  of  the  dUc&se  «exe 
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quite  pronounced,  «! though  moderate  in  tlegr^  compared  ro  the  foregoing.  The 
pulse  averaged  about  8S  per  minute.  The  eyes  were  slightly  proiubcrant,  wliile  the 
neck  measurement  over  the  enlarged  gland  was  fifteen  inches.  Opportunity  was 
&^orded  of  seeing  this  patient  but  a  comparatively  sho  it  time,  but  in  the  few  applica' 
lions  that  were  given,  the  circumference  of  the  neck  over  the  gland  was  reduced  to 
*  fourteen  and  one^^uarter  inches. 

The  pulse,  however,  became  markedly  modified^  decreasing  to  the  normal  standard, 
72  per  minute. 

As  we  are  recording  this  case,  the  patient  again  calls  at  our  office.  It  is  now  five 
months  since  the  treatment  was  di^ontinued^  and  the  pulse  is  found  to  be  72,  the 
same  as  recorded  at  that  lime.  The  neck  measures  fourteen  and  a  half  inches,  show- 
ing a  slight  increase  during  the  interval,  although  smaller  by  one-half  of  an  bch  than 
it  was  previous  to  submit  ting  to  treatment. 

An  interesting,  though  not  remarkable  fact,  connected  with  the  case,  is  its  relation 
to  the  menstrual  function.  At  the  age  of  twenty,  when  menstruation  became  irregu- 
lar and  scanty,  the  disease  t)egan  to  manifest  itself.  Two  years  5ubbe<|uently  the 
^^imtnurion  in  the  goitre  and  decrease  in  the  frequency  of  the  pulse  were  simultaneous 
L  a  more  regulaj- and  altogether  better  performance  of  menstruation.  After  the 
Sition  of  the  treatment  she  remained  belter  until  a  short  time  before  this  last  visit 
to  which  we  have  just  alluded,  when  there  was  a  retention  of  the  menses,  followed  by 
some  increase  in  the  size  of  the  thyroid,  and  an  accelerated  action  of  the  heart. 
Through  the  administration  of  medicine,  menstruation  was  established  in  about  a 
week,  resulting  in  a  modiQcation  of  the  symptoms  that  had  been  excited, 

^x^^Athalmic  goitre. — Puiis  exceedingly  rapid, — Eyes  slightly  protuttraut, — Very 
llitle^  if  any ^  benefit /Qlhntfs  trentment. 

Ca.se  CLXXIX. — Mrs,  C was  seen  with  Dr.  Frank  Wilmulh,  of  Orange, 

N.  J.,  Nov.  17*  1879.  The  enlargement  of  the  thyroid  was  considerable,  but  the 
eyes  were  not  at  all  affectcJ.  Tlie  pulse  was  rapiJ,  beating  ordinarily  at  125  {.jcr 
m'mute,  but  reaching  160  when  under  excitement* 

When  aiilcep,  it  was  but  95.  The  patient  was  the  mother  of  two  children,  And 
although  her  last  labor,  four  years  since,  was  somewhat  severe,  it  could  hardly  have 
entered  as  a  factor  in  the  causation  of  the  disease,  since  ihc  first  evidences  of  cardiac 
disturbance  apjieared  three  years  subsequently.  The  symptoms  were  coincideolL  w  ith 
exltaustion,  following  hard  work  at  house  cleaning.  The  patient  submitted  to  con- 
siderable treatment,  but  her  residence  was  at  such  a  distance  that  the  visits  were 
necessarily  rather  infre<juent.  It  is  by  no  means  clear  to  our  mind,  that  the  neces- 
sity of  rilling  so  far,  both  before  and  after  each  visit,  did  not  interfere  somewhat  with 
the  efficacy  of  the  treatment.  At  all  events,  no  impression  was  made  upon  the  dis- 
ease, other  than  some  slight  diminution  iu  the  rapidity  of  the  pulse. 


Exophthalmic  ^aitre  in  a  lady  agni  thirty-four, — Inter aiing  modification  of  the 
puUe^eats  by  galvammtion^ 

Case  CLXXX.^ — Mils ,  aged  34,  came  to  ns  from  Dr.  James  Col  lard,  of 

Weslficld,  Mass^,  with  a  goitre  of  considerable  size,  but  with  very  slight  proluber- 
lance  of  the  eyes.     Pulse,  112.      Menstruation  was  normal,  but  the  patient  was  ex- 
Ig^mdy  nerfousftnd  deprciied    Her  mother  heu  on  en^rmoti$  goitre*  which  has  been 
40 
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developing  for  thirty  years.  Both  brother  and  sister  died  of  basty  Gonssmpttoo.  nd 
five  years  ago  the  patient  herself  hsid  a  slight  hemorrhage.  The  pdse  iwas  foanrt  U 
tntcrmit  some  eii;ht  times  a  minute. 

We  saw  the  patient  but  three  weeks  when  she  was  compelled  to  leave  the  city» 
although  it  is  proposed  to  continue  the  treatment  elsewhere. 

Under  the  short  treatment  that  she  received*  the  pulse  lost  its  intennitient  charac- 
ter and  became  entirely  re^lar.  At  the  same  time  the  paticni  was  rendered  toodi 
less  ncrvousy 

Aside  from  this  hut  little  was  accomplishetl  The  case  is,  howe^-cr,  cspfdaDy 
worthy  of  record,  because  of  the  very  inicrcsting  temporary  resnUs  that  foUowd 
various  applications. 

On  counting  the  pulse  during  the  first  galvanic  application,' no  imerniksion  «« 
detected.  A  few  moments  after  the  removal  of  the  electrodes,  it  inlcrmiiied  bs>  h  ^  !, 
eight  beats  to  the  minute.  The  same  results  foUowcil  a  second  application^  witn  ;  : 
exception  that  after  the  removal  of  the  electrodes  the  pulse  began  to  intermit  bat 
three  or  four  times  a  minute,  and  after  the  fourth  application  it  became  permanently 
rhythmical.  At  one  time  during  the  treatment  the  pulse  fell  to  67  and  so  i 
for  some  time. 


Ex&phthalmk  goitre  of  five  years^  dnraiton — Recovery  under  eurrftUj  ef  i^90> 
niifHp  alternately  iturnued  and  iH  mini  shed. 

Case  CLX.XXI.— Miss  C.  H ,  aged  29.  came  to  us  September,  1S79,  witiM 

especially  interesting  and  instructive  history,  since  it  illustrates  how  varying  may  be 
the  manifestations  of  a  nervous  diathesis. 

During  childhood  she  had  suffered  long  and  severely  from  St«  Vitus*  danct;  wlikb 
did  not  entirely  disap|:>ear  till  menstruation  was  establi^hed  at  the  age  of  fourteen. 
From  the  first  this  function  was  performed  irregularly  and  painfully  until  the  tgeof 
eighteen,  when  it  suddenly  ceused,  and  for  several  years  she  was  afflicted  with  peri- 
odical hysterical  seizures,  together  with  a  more  or  less  constant  jerking  of  the  beii^ 
with  a  hesitancy  of  utterance  and  an  occasional  partial  loss  of  con^ionsness  thst 
simulated  attacks  of  hystcro- epilepsy.  At  the  age  of  twenty-one  menstroatiou  agiai 
appeared,  but  irregularly,  and  at  the  same  lime  her  general  health  somewhat  inn 
proved.  In  time  her  courses  came  on  more  regularly  and  less  painfully,  bat  at  ihc 
age  of  twenty-four,  after  an  ottack  of  malarial  fever,  mensirualion  failed  to  reapjwf* 

It  was  at  this  time  that  she  began  to  he  annoyed  by  an  excessive  palpitation  of  tk 
heart  following  exertion,  and  very  soon  her  attention  was  callerl  to  a  decided  enlarj^ 
inent  of  the  thyroid*  This  enlargemen:  gradually  increased,  and  when  we  saw  her, 
ftbout  a  year  subsequently,  it  was  very  large^  soft^  and  pulsating.  The  meantremeil 
around  the  neck  over  the  tumor  was  sixteen  and  one  quarter  inches. 

The  pulse  beat  at  the  rate  of  no  per  minute — while  the  exophthalmos  wastfTf 
great. 

After  the  patient  had  been  icubjectcd  for  a  short  time  to  the  nsnal  external  tieit- 
roent  by  the  galvanic  current,  but  without  any  special  reference  in  its  direction  to  tie 
menstrual  function,  the  courses  appeared  slighJly  for  a  day  and  then  ceased.  Qna^ 
amlning  the  pulse,  however,  it  was  found  that  It  had  decreased  in  frequency  to  w< 
«rhat  less  than  100. 
,    The  same  method  was  repeated  for  tome  three  weeks  longer,  when  «<t  had  t^ 
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pleasure  of  showing  tbe  case  to  I^r,  P,  B.  Porter.  At  this  time  the  pulse  was 
about  90»  and  the  (umor  had  decreased  but  about  an  inch.  The  exophthalmus  had 
been  only  slightly  influenced. 

Deciding  10  change  the  method  of  treatment,  we  placed  one  electrode  (the  anode) 
directly  beliind  the  angle  of  the  lower  jaw,  pressing  back  the  stemo-cletdo  muscles, 
and  the  olher  on  the  back  of  the  neck,  a  liltle  to  one  side  of  the  sixth  cervical  verte- 
bra. Instead,  now,  of  treating  by  means  of  «\n  even  continuous  current^  we  brought 
into  the  circuit  a  simple  water  rheostat,  and  by  this  means^  somewhat  rapidly  but 
without  shock,  increased  and  decrea^ctl  the  strength  of  the  current  through  a  seance 
of  not  more  than  two  or  three  minutes^  duration*  The  results  of  this  method  of 
treatment  were  soon  manifested  in  a  further  reduction  of  the  pulse,  and  a  gradual 
diminution  in  the  severity  of  the  other  symptoms,  until  after  some  twenty-hve  of 
these  applications,  recovery  seemed  complete.  The  pube  was  75  ;  the  eyes  resumed 
their  natural  position  and  appearance,  while  the  neck — although  somewhat  fuller  than 
normAl — measured  but  thirteen  and  three  quarter  inches,  a  decreaiie  of  two  and  a 
half  inches. 


While  it  is  quite  evident  that  in  this  disease  the  sympathetic  is  at 
fault,  it  is  open  to  question  whether  the  <1iLitation  of  vessels,  which  are 
such  important  factors  in  causing  the  thyroid  enlargement  and  exoph- 
tbalinus,  is  of  a  passive  nature,  due  to  paralysis  of  the  sympathetic,  or 
of  an  active  nature,  due,  on  the  contrary,  to  an  irritation  of  the  dilator 
fibres  which  run  in  the  sympathetic*  Accepting  either  theory,  we 
find  ample  ground  upon  which  to  base  indications  for  the  use  of  the 
galvanic  current.  In  case  we  accept  the  inilant  theory,  the  very 
powerful  sedative  effects  which  may  be  obtained  from  the  remedy  is  a 
sufiicient  explanation  of  the  raiienak  of  its  use  ;  while  the  fact  that  both 
physiological  investigation  and  clinical  experience  has  shown  that  elec- 
tricity is  the  remedy /ar  excellence  for  most  forms  of  i>aral3sis,  quite 
clearly  points  to  its  use  in  cases  where  there  is  actual  paresis  of  the  nerve 
itself.  In  addition  to  the  hyperemia  of  vessels  as  a  cause  of  exoph- 
thalmus,  there  may  be  also  accumulations  of  fat  in  the  cellular  tissues 
of  the  orbit,  which  is  probably  the  main  cause  in  certain  cases  why  the 
protrusion  of  the  eyes  still  remain  prouiineut  after  a  decided  ameliora- 
tion of  every  other  symptom, 

•The  suggestion  that  the  nrtetial  ililatatbn  is  due  to  irritation  of  the  dilator 
fibres  is  offered  by  Eenetiict,  based  upon  ihe  experiments  of  Bernard,  Schiff,  Ludwig, 
Bud  Loven. 


CHAPTER  XXXVI L 

SKQUELvE   OF  ACITTE    DISEASES    (DIPHTHERIA— CEREBRO-SPIXAL  UtKlS 
GITIS — TVPHO-MALARIAL  tT.VER). 


The  sequels  of  several  acute  inrtaiiniiaiory  diseases,  and  especullj 
of  diphtheria  atid  c ere bro  spinal  meningitis,  are  of  well  known  scveriij 
and  persistency.  It  is  generally  understood  also  that  eleciricity  in  sonic 
form  may  perhaps  be  indicted  in  such  coudilions,  particularly  lo 
diphtheria,  and  its  use,  which  i$  occasionally  attempted,  has  becu  foK 
lowed  by  more  or  less  benefit.  We  ore  quite  sure,  however,  that  iSc 
profession  at  large,  in  city  as  well  as  country*  has  a  very  inadet:|a^t« 
idea  of  the  vast  benefit  accruing  from  the  use  of  this  remedy  in  these 
cases.  P>equent  inquiries  in  regard  to  experience  in  this  directioo, 
and  the  lack  of  pubh"shed  clinical  reports,  would  seem  to  justify  thii 
opinion,  and  suggest  the  propriety  of  detailing  a  few  of  the  moreQiiiqffe 
and  interesting  histories  that  we  have  collected. 

Diphtheria. — ^Our  first  experience  in  the  treatment  of  the  seqticte 
of  diphtheria  by  electricity  dates  back  some  ten  years,  when  we  were 
called  by  Dr.  James  Anderson  to  see  an  obstinate  case  at  paralysis  of 
the  vocal  chords  and  the  laryngeal  muscles. 

The  symiJtoms  yielded  readily  to  treatment,  and  to  the  present  time 
we  have  treated  twenty-four  cases  of  dijihtheritic  paralysis,  and  with 
the  exception  of  two,  which  discontinued  treatment  almost  as  soon  ti 
begun,  the  results  in  each  were  too  striking  to  permit  of  any  doubt  is 
to  the  efficacy  of  the  remedy. 

Of  the  twenty-two  remaining  cases,  many  of  which  were  of  gitit 
persistency  and  severity,  nine  were  sent  to  us  at  different  times  througll 
the  kindness  of  Drs,  Markce,  ^fcLean,  Farrington,  and  the  late  I>rk 
Peaslec  and  Gregory. 

Of  the  remaining  thirteen,  a  few  hatl  been  treated  electrically,  but, 
as  a  rule,  wiili  little  regularity  or  intelligence,  while  several  others  ^t^ 
had  their  attention  called  to  electricity  as  a  remedy  for  their  condition 
by  laymen,  and  so  fell  into  our  hands*  One  of  the  most  intercskting 
and  instructive  cases  that  we  have  seen  occurred  in  the  person  of  s 
practicing  physician  of  this  city,  who  had  also  been  under  the  obief" 
vation  of  Professor  Loomis,  Dr.  A.  N.  Brock  way,  and  several  others 
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The  doctor  has  kindly  written  out  the  details  of  his  own  case,  substan* 
tiaUy  as  here  given. 


Cardiac  difficulty^  with  partial  par aly Hi  cf  thret  months'  standings  foUmoing  dipk^ 
^K  theria, — Rapid  recovery  under  general  faradisation, 

^^^  Case  CLXXXir — Three  weeks  after  the  disappearance  of  the  diphtheritic  patches, 

^^MQ||y9t.<«  of  the  pharyngeal  and  laryngeal  mu>vcles  began  to  show  itself,  accompanied 

^^jy  absolute  loss  of  sensibility  of  the  vein m  pendulum  palati.     In  cDnsei|ucnce,  the 

eflfort  of  swallowing  was  exceedingly  difficulty  and  regurgitation  through  the  nares 

was  unavoidable  in  the  act  of  drinking*     The  voice  was  altered,  becoming  weak  and 

coarser  in  tone.     Musical  notes  were  impossible. 

At  the  same  time,  and,  indeed,  from  the  tcnih  day  of  the  acute  attack,  cardiac 
iifEculty,  was  indicated  by  a  very  feeble,  soft,  slow  puUe^  averAging  sixty  per  minute. 
On  one  occasion,  three  weeks  after  the  soreness  of  the  throat  had  entirely  disap- 
ared,  and  immediately  following  special  exertion,  the  pulse  quickly  rose  to  i6o, 
nd  ju  suddenly  fell  to  32  per  minute,  resulting  in  an  attack  of  angina  pectoris  which 
■persisted  for  nearly  three  hours.     This  sudilen   fluctuation  of  the  pulse  was  most 
alarming,  and  cauijed  apprehcni>ion  of  immediate  dissolution.     ¥ot  over  an  hour  the 
pulse  remained  at  32,  when  it  gradually  increased  until  it  reached  58,  where  it  re- 
mained. 

Four  weeks  after  convalescence  from  the  patches,  ciliary  paralysis  appeared,  so  that 
painful  fatigue  was  experienced  in  reading,  etc.  Vision  corrected  by  4-38  glasses 
spherical ;  at  the  same  time  the  fingers  became  anocstlietic,  with  tuigUng,  and  inabil- 
ity to  pick  up  small  objects,  or  to  button  dothing,  etc. 

The  partial  paralysis  extended  to  the  arms,  and  fuYaUy  the  legs  were  similarly  af- 
fected, becoming  heavy,  cold,  and  painful  to  the  touch.  Marked  inaction  of  tlie 
bowels  continued  throughout  the  case  ^  micturition  was  not  interfered  with,  but 
there  wrt*  great  numbness  and  increased  sen ??il>i lily  of  the  external  organs.  For  three 
months  these  symptoms  persisted  without  abatement,  and  were  invaiiably  increa^ied 
by  the  «>lightest  exercise. 

The  first  two  or  three  week*  of  general  faradization  failed  to  produce  any  marked 
bange,  simply  giving  for  a  few  hours  a  very  agieeable  sen^e  of  re>t. 
This  was  attributed  entirely  to  the  fact  that  the  patient  exertcil  himself  too  much 
to  receive  the  treatment,  as  he  was  compelled  lo  ride  several  miles  to  our  olBce. 

As  soon  as  the  apparatus  was  transferred  lo  his  own  house  and  the  treatment  ad* 
ministered  there,  improvement  began  immediately,  and  progressetl  with  great  rapid- 
ity, so   that  by  the   sixteenth   week    of  the  seqiiel:c  of  the  disease,  all  paralysis, 
excpt,    perhaps,    the  cardiac,    had   disappearerl       Vision   became   entirely  normal 
^b^ore  the  anesthesia  and  paralysis  of  the  limbs  had  disappeared*     Disagrcealile 
^Bwitchings  of  the  muscles  of  the  thorax  and  aVidomen  presisted  for  several  months, 
^^■■lllighi  cardiac  feebleness  remained  for  some  fifteen  months.      The  prospect  that 
HH&  patient  could  again  engage  in  labor  within  any  reasonable  period  had  been  con* 
sidercd  exceedingly  unfavorable.     A  very  few  weeks  of  treatment  by  general  farodi'^ 
£ation,  rendered  him  easily  equal  to  the  details  of  an  active  practice. 

Dr.  Dahleryp  descHbes  a  case  of  cardiac  paralysis  occurring  in  a  lad 
who  was  recovering  from  a  diphtheritic  attack* 
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The  action  of  the  heart  became  very  rapid,  but  irregular  and  weak. 
Dyspnoea  was  present,  together  with  cyanosis  and  orthopnoea,  but  thej 
area  of  cardiac  dulness  was  not  increased,*     Some  improvement  foU 
lowed  the  administration  of  stimidants  combined  with  digitalis,  but  at' 
the  end  of  a  week  the  patient  collapsed  and  died.     Although  the  case 
w*as  said  to  be  one  of  /roj^resshr  diphtheritic  paralysis  of  the  heart,  it , 
is  not  difficult  to  believe  that  the  [>rompt  and  proper  use  of  electridtv 
might  possibly  have  saved  life* 

CtrebrQ'Spinal  Meningitis, — The  sym[>toins  that  follow  an  attack  of 
cerebro  spinal  meningitis,  differ  very  widely  both  in  character  and 
gravity.  We  may  have  first,  incurable  organic  changes  resulting  on  the 
one  hand  in  total  blindness  and  entire  loss  of  hearing,  and  on  the  other, 
in  a  condition  well  ilhislrated  by  the  following  case  which  wc  saw  fw 
Dr.  Roosa  some  years  since. 

Pr&babli  wganic  changes  foltcwing  cerebnhspitmt  meninglHs^ — A'J*  htntfL 

Case  CLXXXIIL — In  1865  the  patient  was  attacked  by  acute  cerebro-iplnil 
meningiiii^  After  convalesce  nee  he  gradually  regained  a  fair  degree  of  phyiiol 
vigor,  but  was  left  with  a  permanent  impairment  of  certain  phases  of  inDemtioQ. 
In  conversation  and  in  action  he  was  perfectly  rational,  and  his  sleep  wai  anclit- 
turbed,  but  during  his  waking  hours  there  was  ever  present  a  sense  of  vacancy;  **J«J/ 
tiTtd formksi"  ideas  troubled  bim  ;  there  was  to  him  an  unreality  in  alt  hi*  sarroimd- 
ings.  He  described  a  vibratidg  shock  which  would  at  intervals  seem  to  pan  thrpagfa 
him,  leaving  an  impression  that  seemed  Ukc  *  *  <*/^rrt;/r/* 

The  left  pupil  was  dilated  and  insusceptible  to  light  or  other  irritation.  TMi 
patient  received  benefii  from  no  form  of  treatment.  Time  has  faded  to  do  aii]rtku% 
for  him ;  to-day  he  is  much  the  same  as  he  was  fifteen  years  ago. 

The  pathological  changes  in  cases  snch  as  the  above  cannot  of 
course  be  positively  stated,  but  it  is  probable  that  they  are  analogotis 
to  what  have  been  observed  in  certain  cases  of  chronic  basilar  mernn* 
gitis,  viz.,  cicatricial  changes,  together  with  induration  of  the  connective 
tissue. 

Another  train  of  symptoms  following  cerebro-spinal  meningitis,  n>ort 
frequent  and,  fortunately,  fiir  more  amenable  to  treatment,  has  occa- 
sionally fallen  under  our  observation.  The  symptoms  in  all  were  qu*tc 
imiform  in  character,  and  we  present  the  following  as  a  tyi^e  of  tJ»c 
rest, 

Aggravated  symptams  persisting  f<n-  tw(f  and  one^kalf  years  after  an  atuc^  rf 
cere^ra-xpitta/  meningUis.^f^ecovery  under  central gatvanit^itn. 
Cask  CLXXXIV''.— On  May  20,  1872,  Mrs  A ,  *g^  41,  wis  prortntfld  bf 

*  British  Medical  Journal,  September  aj,  i$79« 
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an  attack  of  ceri.br o-spinal  meningitis.     It  mi^ht  be  interesiuig  to  detail  its  acute 

course,  but  for  our  purpose  it  will  suffice  to  say  iliat  the  case  was  exceptional  in  its 

duraiion  and  severity.     For  six  monihi  she  was  coulincd  to  ber  bed,  suflTcring  from 

almost  every  conceivable  syniplom  associated  with  this  disease.     She  was  at   first 

^^^  under  homceopaihic  trcatmeni,  but  subsequenlly  came  under  the  care  of  Dr.  A.  S. 

^Blleath,  of  this  city,  who  aticudctl  her  up  to  the  time  our  advice  was  sought,  April 

^Hfo,  1^75.     Two  years  and  a  half  had  elapsed  since  the  more  acule  stage  of  the  dis- 

^Hcase  bad  subsided,  during  which  time  she  had  siibmiUed  to  various  forms  of  treat* 

^"  ment  that  were  apparently  wise  and  judicious,  without  the  least  improvement,  and 

until  the  ordinary  methods  seemed  exhausted.     She  was  able  to  be  about  her  house 

^■Aftd  occasionally  went  out,  but  she  suffered  withciwt   cessation  from  severe  pain, 

^^irhlch,  beginning  in  the  eyes,  was  most  pronotmced  over  tlie  back  of  the  head  and 

"       neck»  and  extended  to  the  lower  cervical  vertehr^c.     The  painful  muscular  stiffness  of 

the  neck,  from  which  she  had  suffered  so  terribly  duiins  the  acute  attack  nearly  three 

I        years  previously,  had  never  left  her  and  was  a  constant  cause  of  distress.    No  posture 

^^was  endurable  except  when  the  head  was  thrown  back,  while^  during  occasional 

^BtKLroxyiims  of  more  than  ordinary  severity,  these  muscular  contrncT ions  would  become 

^HcoQvul>ive.     These  sj^mptoms  together  with  others,  and  especially  with  a  chronic 

^Hb^iiation  of  the  intestinal   iract   from  the  mouth   to  the  anus,  incapacitated   the 

1^^  patient  for  all  enjoyment  and  the  ordinary  duties  of  her  station.     For  the  symptoms 

»niore  directly  due  to  the  menini^itis,  we  subinitttd  the  patient  to  central  galvaniza- 
tion ;  as  a  general  tonic,  and  for  the  relief  of  iicr  digestive  difificulties  due  to  intct- 
tinal  irritation  we  employed  general  fAradiatation.  Up  to  June  25,  1S75,  *  period 
of  ten  weeks  fifty  :\pplicatiun!s  were  administered.  Under  this  treatment  alone  the 
patient  steadily  improved,  and  when  she  left  the  city  for  the  summer  months  she  was, 
to  a  great  extent,  relieved  of  the  most  distressing  symptoms.  Upon  her  return 
treatment  was  resumed  until  complete  recovery.  We  say  complete  recovery.  This 
statement  should  perhaps  be  modified.  At  this  date  she Tcels  an  occasional  achmg, 
and  a  slight  drawing  isensation  at  the  back  of  the  head  after  much  fatigue,  but  in 
general  she  has  all  along  enjoyed  a  fair  degree  of  health. 

In  this  connection  we  may  be  peniiitted  to  call  attention  to  the  fact, 
that  sudden  blows  and  shocks  may  in  certain  cases  result  in  obstinate 
circuLitory  derangements  of  the  cerebro-s|)iiial  tract,  associated  with 
symptoms  analogous  to  those  following  cerebro  spinal  lueningitis. 
The  above  statement  was  very  strikingly  illustrated  in  the  person  of 
lady  sent  to  us  a  few  years  since  by  Dr.  J,  Ellis  Blake. 


W 


Case  CLXXXV, — Some  five  years  before  she  bad  fallen  Wiwn  the  sacrum — the 
immediate  effects  of  which  were  severe  pain,  nausea^  and  sliglit  motor  paralyiiis  of  the 
extremities.  Rrcovery  seemed  complete  in  a  few  week%  but  shortly  after,  on  taking 
a  severe  cold,  the  same  symptoms  returned,  and  then,  with  the  exception  of  some 
slight  traces^  gradually  disapi>eared.  Two  years  l^fore  we  saw  her  she  fell  again, 
striking  on  the  hip  with  such  force  as  to  cause  an  aggravalinn  of  all  the  symptoms 
before  ex|ieriencedp  together  with  a  peculiar  perversion  of  virion.  All  t/ari  objects 
appeared  rif^/,  and  it  was  some  time  l]ef<»rc  •^igtu  liccome  natural  in  this  respect.  For 
a  time  she  suffered  from  excessive  hypernrsihesiaj  which,  on  subsiding,  was  followed 
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by  cephalalgia.  The  pain  was  specially  localized  over  the  mastoid  prooesKs,  bsdkf 
the  head  and  neck,  with  frequent  extension  along  the  entire  length  of  the  SfniulcarC 

The  patient  carried  her  heid  at  all  limes  tUgljtIy  thrown  back,  and  in  atteoiptmg 
to  throw  it  forward  complained,  as  do  paticnU  suflferiny  from  ihe  aequekc  of  oexels^ 
spinal  meningitis. 

She  suffered  much  from  insomnia,  and  was  capable  of  but  Utile  eaeniom.  Frw 
June  !i  to  August  i,  1877,  the  patient  was  subjected  to  central  ^vanostionv  r^> 
ceiving  in  this  time  thrrty-seven  applications,  which  to  a  great  dc^ee  dissipated  rte 
more  proratnent  symptoms  from  wliich  she  had  suffered  for  years.  In  the  sprii^  li 
1 87 9  she  complained  cjf  marked  evidence >  of  a  return  of  the  old  symptoms.  Tfat 
same  method  of  treatment  was  employed  as  before,  resulting,  in  less  than  cbiee 
weeks,  in  complete  relief, 

Typho-Afalariai  Fever. — ^When  we  come  to  consider  the  sequelae  ( 
either  typhoid  or  malarial  fevers,  we  shall  not,  as  a  rule,  rind  the 
gravity  or  diversity  of  symptoms  that  oficn  confront  us  subscqiieai 
the  acute  stages  of  diphtheria  and  cerebro-spinal  meningitis. 

Convalescence  is,  however,  occasionally  very  Kfdious^,  and  irtc 
recorded  not  a  few  such  cases  where  the  tonic  effects  of  general 
dization,  in  hastening  returning  strength,  were  most  distinctly  mark 
The  symptoms  that  followed  the  subsidence  of  the  fever,  in  the  < 
here  given,  were  not  only  serious  and  obstinate  in  character^  but  i 
emirely  unique,  that  they  seem  to  us  to  be  well  worthy  of  reconL 


Case  CLXXXVI*— Mr.  S ,  aged  23,  was  taken  ill  in  June,  1879,  by  1 

attack  of  dysentery,  followed  by  typho-malarial  fever.  In  six  weeks  the  litvef  | 
away,  leaving  the  patient  quite  helpless.  With  returning  strength  he  was  atiir  •• 
leave  his  bed  and  go  into  the  country,  in  the  hope  that  there  the  convale«ccfice  mmA 
be  more  rapid.  He  gained  very  little  in  power  over  the  movemcnis  of  the  limbs  tfl 
bady,  and  when  we  saw  htm  the  fonowing  September,  through  the  kiiuliKii  of  ^ 
physician.  Dr.  J.  O.  Farrington^  of  >Iarlem,  the  phenomena  prescsil  were  blA 
unique  and  grave. 

It  may,  perhaps,  convey  a  faif  idea  of  the  general  appearance,  to  »y  that  ik 
whole  body  was  thoroughly  stiff.  The  legs  from  the  hips  down,  could  l>e  moiled  «?f 
with  difhculty.  The  arms  could  be  raised  from  the  sides  but  a  little  way.  The  Waid 
and  neck  were  almost  motionless  upon  the  slioulders.  The  right  shouldet  coaU  *« 
moved  slightly  up  and  down  ;  the  left  not  at  all.  Deglutition  was  so  much  imia 
that  solid  food  could  not  be  taken  with  comfort  or  safety. 

There  was  much  wasting  of  the  mu^^cular  tissue,  but  this  was  most  apparent  {all 
right  thigh,  which  had  decreased  several  inches  in  ciraimfcrence,  and  in  the  | 
portion  of  the  neck  on  either  side,  where  the  trapezius  muscles  immediately! 
their  occipital  origin  had  atrophied  to  an  alarming  extent.    It  was  found,  on  ! 
ting  the  patient  lo  an  electrical  examinaiinn,  that  the  farado-musculAr  eonir 
of  every  suj^erficial  muscle,  with  the  exception  of  the  altdominal,  was  vcryj 
tip  paired.     The  right  trapezius  contracletl  slightly  to  a  powerful  current,  but  Chtl 
trapezius  faUcd  to  react  to  any  stimulus.     The  stenio-cleido-mastoid  muscles,  " 
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ar«  nornJAlly  so  susceptible,  contracted  only  under  the  influence  of  &  very  powerful 
current.  There  were  no  sensory  or  other  symptoms  present  especially  suggestive  of 
serious  central  disease,  but  a  strength  of  current  ordinarily  unendurable  could  be 
applied  to  the  back  of  the  neck  without  producing  any  sensation  whatever.  Local- 
ized faradization  or  galvanization  in  a  case  suuh  as  this^  where  almost  every  musde 
w«  involved,  would  have  been  manifestly  impracticable. 

The  case  called  for  an  impre»5ton  more  general  and  powerful  than  can  possibly  be 
obtained  from  mere  localization  of  currents.  General  faradization  was  therefore 
attempted,  and  with  results  that  contirm  the  abundant  testimony  that  has  already  been 
given  of  its  remarkable  efficacy. 

The  affected  muscles  devclo|7ed  with  astonishing  rapidity.  Deglutition  improved 
Immediately,  and  soon  became  natural  After  a  few  applications,  reluming  sensi- 
bility and  contractility  to  the  influence  of  i he  current  became  manifest.  Improve- 
ment rapidly  went  on  until  all  atrophy  having  disappcaretl,  and  the  head,  neck,  and 
limbs  becoming  quite  flexible,  the  patient  was  able  to  resume  an  active  and  laborious 
mercantile  position. 

Although  the  differential  indications  for  the  use  of  the  two  currents 
in  the  sequelae  of  the  diseases  under  consideration  have  been  nmde 
more  or  less  apparent  in  the  preceding  illustrative  cases,  it  may  be  well 
to  concisely  fornuilate  them  as  follows  ; 

I  St,  For  the  relief  of  the  various  paralytic  symptoms  that  follow 
diphtheria^  whether  cardiac  or  of  the  voluntary  muscleSi  the  faradic  cur- 
rent is  almost  always,  if  not  invariably  indicated. 

2d.  The  galvanic  current  here  is  not  only  less  effective  than  the 
faradic,  but  is  frequently  useless,  and  occasionally  harmful. 

^d.  While  localized  faradization  may  prove  sufficient  in  cases  where 
the  symptoms  are  mild  and  restricted  in  extent,  general  faradization 
should  be  used  where  the  paralysis  is  more  general  and  constitutional 
symptoms  are  manifest. 

4th,  in  the  treatment  of  the  sequeL-e  of  cerebro- spinal  meningitis 
the  galvanic  current,  and  generally  by  the  method  of  central  galvaniza- 
tion, is  indicated. 

5th.  For  these  and  analogous  symptoms  relating  to  the  central  nerv- 
ous systejn,  the  /nde  constant  current,  or,  in  other  words,  of  so-called 
low  tension  and  increased  quantity,  are  preferable  to  the  ordinary  con- 
tinuous current  of  higher  tension. 

S€qu€l(jt  of  Stmstroke. — ^During  seasons  of  protracted  and  excessive 
heat,  such  as  have  been  notably  experienced  during  the  i->ast  few  sum- 
mers, a  very  large  number  of  persons,  especially  in  our  cities,  are  more 
or  less  injured,  either  by  the  general  depressing  tnfiuence  of  the  con- 
tinued high  temperature,  or  by  some  special  exposure,  without  being,  in 
the  ordinary  sense  of  the  word,  sunstruck*  Those  whose  nervous  system 
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has  been  exhausted  or  disordered  by  the  excessive  use  of  stimulaats 

and  narcotics,  by  debilitating  diseases,  and  especially  by  overlabor  Of 
excitement  of  the  brain,  are  niost  liable  to  be  thus  affected. 

Injuries  thus  produced  may  be  manifested  by  every  variety  of  ner- 
vous disorder — spinal  irritation^  insomnia,  neurasthenia,  neuralgia,  cjii- 
lepsy,  nervous  dyspepsia,  hysteria,  paralysis,  and,  not  unlikely,  positive 
insanity. 

The*  majority  of  such  cases  never  know  the  exciting  cause  of  their 
symptoms  until,  perhaps,  it  is  indicated  to  ihem  by  the  physician  who 
inquires  into  them.  In  a  number  of  cases  that  have  been  under  our 
care  for  the  above  symptoms  the  solar  heat  was  a  prominent  if  not  i 
principal  cause. 

The  symptoms  may  appear  and  reappear  for  months  and  years  after 
the  original  attack.  There  k  little  doubt  that  there  are  through  society 
thousands  of  such  cases  of  variou*  grades,  many  of  whom  have  never 
suspected  the  nature  of  their  malady.  The  solar  origin  of  the  syn]|>* 
toms  which  we  have  mentioned  may  be  suspected  not  only  when,  as  a 
very  ft-equenlly  the  case,  they  can  be  traced  to  some  definite  exposure, 
but  also  when  they  are  observed  to  be  peculiar  to  the  summer,  rcniit- 
ting  wholly  or  partially  in  winter,  or  to  be  especially  aggravated  by 
exposure  to  the  sun,  and  to  be  experienced  only  during  the  daytime* 

Our  best  results  with  electricity  have  been  obtained  in  these  cases 
by  a  combination  of  the  two  methods  of  electrization,  general  faradiia- 
tion  and  central  galvanization,  varied  in  some  cases  by  galvaniiatioo 
of  the  pneumogastric  and  cervical  sympathetic.  Excepting  those  cas** 
which,  by  some  peculiarity  of  temperament,  or  as  a  peculiar  result  of 
the  disease,  cannot  bear  electricity,  the  electrical  treatment  works  ad- 
mirably, whether  used  alone  or  in  connection  with  internal  medication. 
Arsenic  we  give  in  the  form  of  granules,  ^j^  of  a  grain  each,  before 
meals.  We  use  also  zinc  in  the  form  of  oxide  or  phosphide,  and  fit 
in  the  form  of  cod*liver  oil  emulsion. 


( 


Partiai  parafysh^Physieai  and  menial  dtprtsshn  —  THi  stqtultf  pf  svmsirfit^ 
Kapid  recovery  nnd^r  gtntrat /araditation  and  %enlral  galvanl%ai*^n. 

Case  CLXXXVU.— Mr.  W.,  arje  1  55,  coti^UH  us  in  the  autumn  of  tSya.  Tbe 
patient  was  connected  with  one  of  the  prominent  6nn»  for  the  manufacturing  of »fe» 
m  this  city  ;  and  while  in  a  western  city,  endeavoring  to  n^ouate  certain  siJcs  ^ 
was  suddenly  overt.iken  with  fatntness,  profound  vertitjo,  and  almost  complete  luicott* 
sciousness.  This  attack  occurred  on  an  oppre«ive  July  day,  some  four  months  prior 
to  his  visit  to  us,  and  ever  since  he  had  been  in  an  exceedingly  nervous,  exciittble  cJ*- 
dition.  Any  con«iiflerable  exercise  in  walking  was  invariably  followed  by  unusoal 
fatigue,  and  he  was  not  only  incapadtaled  from  en^jai^ng  in  any  business  cn4er|ifi«, 
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but  an  attempt  to  read  even  the  morning  paper  resulte^l  in  mental  disquietude  and 
real  exhaustion.  There  was  a  decided  loss  of  power  in  both  lower  extremities,  asso- 
ciated with  a  considerable  degree  of  anaesthesia.  We  submitted  him,  on  several 
different  occasions,  and  at  intervals  of  a  day,  to  general  faradization,  with  the' effect 
of  improving  greatly  his  motor  power  and  of  dissipating  all  numbness.  After  a  time 
central  galvanization  was  alternated  with  the  above  treatment,  and  in  the  course  of 
six  weeks  tlie  patient  had  so  far  improved  in  his  other  symptoms  as  to  be  fully  able  to 
again  engage  actively  in  business. 

In  the  following  case  the  peculiar  susceptibility  to  stimuli  caused  by 
sunstroke  was  strikingly  illustrated : 

Case  CLXXXVIII. — :Mr.  W.,  a  gentleman  about  35  years  of  age,  was  referred 
to  us,  October  16,  1S72,  by  Dr.  A.  B.  Ball.  While  ascending  a  mountain  during  his 
summer  vacation,  he  was  overcome  by  the  excessive  heat.  He  was  not  unconscious, 
and  after  a  short  rest  he  resumed  his  walk.     The  thermometer  at  the  time  was  about 

The  attack  left  him  with  a  feeling  of  sensitiveness  in  the  head,  which,  instead  of 
diminishing,  had  increased  until  the  time  that  he  called  upon  us.  During  several 
weeks,  at  intervals  of  a  few  days,  he  Iiad  several  attacks  of  loss  of  motor  power. 

A  prominent  feature  of  his  case  was  his  exceeding  susceptibility  to  stimuli.  A  tea- 
spoonful  of  wine  or  a  whiff  of  a  cigar  caused  him  to  feel  wretchedly. 

We  found  him  on  trial  similarly  sensitive  to  electricity.  Mild  faradization  or  gal- 
Tanization  caused  a  heightening  of  the  evil  symptoms,  and  the  electrical  treatment 
was  abandoned.  Subsequently  the  patient  was  rapidly  benefited  by  a  short  trip  to 
the  seaskle.  The  fir«t  breath  of  the  ocean  air  seemed  to  act  on  him  with  the  force 
of  a  specific. 


CHAPTER  XXXVIII. 

MISCELLANEOUS   MEDICAL  DISEASES, 

Intermittent  7^<fzrr,— According  to  Tripier^  the  electric  balh  irwi 
statical  electricity  have  been  used  in  certain  cases  of  intenuittent  fevci, 
both  in  England  and  Sweden,  and  occasionally  with  satisfactory  results. 
The  efficacy  of  the  preparation  of  quinine  in  malarial  disease  hftii 
however*  destroyed  most  of  the  interest  that  might  otherwise  liave  at- 
tached  to  electricity  in  its  therapentic  relation  to  fevers. 

In  certain  chronic  conditions  of  intermittent  fever,  where  quinine 
and  other  internal  medication  have  proved  unavailing  as  a  means  of 
perinanent  relief,  we  have  seen  undoubted  benetit  arise  from  gemral 
faradization.  It  undoubtedly  acts  in  this  case  like  any  other  stimukt- 
ing  tonic  without  any  special  in^uence  on  the  malarial  poison. 


IntirmUtmt  fever— Temporary  relief  from  quinine — Recmfery  tinder  general  fv^  \ 

di%aiio9t. 

Case  CLXXXVirid,— Rev.  Mr.  L,  applied  to  us  for  treatment  m  October,  (867. 
His  general  appearance  presented  all  ihe  marked  characteristics  of  malarial  mfloence,  j 
while  he  complained  of  obstinate  constipation,  loss  of  appelUe^  and  a  coniiileriBe  ■ 
degree  of  msomnia.     One  year  previously  he    was  pro^mtcd  by  an  attack  of  cWl*  | 
and  fiivcr,  but  soon  recoverei  hii  u,sual  health  under  the  influence  of  quinine.     Intfce 
follomng  July  he  suffered  another  and  more  severe  attack  of  the  tertian,  which* 
changed  into  the  quotidian  type  of  the  disease.     During  the  first  ten  days  of  lii*  tU' 
nesis  he  took  100  grs.  of  quinine,  but  with  little  apparent  lieiicfit.     Still  further  trai' 
mcnt  by  quinine  interrupted  the  severity  and  regularity  of  the  paroxysmit^  bat  hy  w 
means  effected  a  cure.     For  some  time  hcA-Jre  he  fell  under  onr  observation  (Oct  14. 
1867),  he  suffered  every  feiirdays  frfim  what  is  commonly  termed  "dumb  ague."  We 
immediately  resorted  to  the  most  thorough  form  ol  treatment  by  gciteral  clectfiaiiw" 
with  the  faradic  current.      lie  was  remarkably  susceptible  to  its  influence,  and  «*ff 
the  region  of  the  stomach  and  liver  cspecmlly  only  ft  very  slight  current  conU  *«  j 
borne. 

This  treatment  was  repeated  every  olber  day  for  two  weeks.  His  bowda  1 
became  regular,  his  appetite  improvei:!,  and  after  the  third  application  the  »lt«* 
cease<l  altogether.  For  several  months^  at  least,  after  the  cessation  of  treatment  be 
continued  free  from  any  indications  of  returning  symptoms*  Subsequently  hcjiaMfli 
from  under  our  observation. 

*  Manuel  d'Electrolhcrapic,  etc,  t86l|  pw  581. 
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A  second  and  third  case,  in  which  the  symptoms  were  less  severe, 
jbul  fully  as  persistent,  yielded  promptly  and  completely  to  the  same 
iwethod  of  treatment. 


IniermitUnt  fevtr  astoeiaied  wiih  anastkisht  insomnia,  and  great  debHity — Ap' 
proximait  reccvery  in  tw0  weeks  fy  general Jamd^^aiion, 

Case  CLXXXVIII*,— Miss  C.  S.,  aged  23^  wni  placed  under  our  care  by  Dr. 
Geo,  Stcincrt,  of  Harleni, 

The  paiieoi  had  all  her  life  been  somewhat  feeble  iti  health,  but  at  this  lime,  and 
Tor  a  month  previously,  she  had  suffered  from  a  very  decided  impairmejit  in  her  gen- 
eral condition. 

Every  afternoon  at  4  o'clock  she  experience*!  a  very  decided  sense  of  chilliness,  foU 
lowed  by  a  fever  which  lasted  until  5  o'clock  the  following  morning.  The  hands 
were  at  all  hours  exceedingly  tremulous,  and  at  night  esjwcially  her  fingers  became 
quite  anaesthetic.  Her  strength  was  so  far  exhausted  that  she  could  walk  but  a  few 
blocks  without  grtat  fa  tig  Lie,  Notwithstanding  these  unfavorable  symptoms  her 
bowels  continued  regular  and  her  appetite  good, 

tShe  suiTered  much,  however,  from  insomnia,  and  was  rarely  able  to  sleep  before  j 
M. 
A  single  general  application  of  the  faradic  current  resulted  in  marked  relief  of  the 
^.jndllion  of  trembling  and  numbness.  Her  sleep  rapidly  improved  ;  the  periodical 
chill  and  fever  became  less  and  lejs  marked,  and  soon  disappeared ;  Iter  strength  de- 
cidedly increased,  and  seven  applications  given  during  two  weeks  resulted  in  an  ap- 
proximate recovery. 


Disease  of  the  Suprarenal  Capsules  (Addis&n's  Disease).— Oni 
knowledge  of  the  pathology  of  Addison's  Disease  is  xtvy  incomplete. 
In  a  targe  proportion  of  cases  the  bronzing  of  the  skin  and  the  pecu- 
liar cachectic  conditiort  of  the  affection  are  preceded  by  organic  lesion 
of  the  supra  renal  capsules. 

Cases  are  not  wanting,  however,  in  which  post-mortem  examinations 
have  revealed  no  anatomical  lesion  of  the  capsules,  notwithstanding 
the  previous  existence  of  the  most  marked  and  severe  characteristics 
of  Addison's  disease. 

Dr,  Wilkes  states,  *'  That  after  some  years'  attention  to  the  subject, 
I  repeat,  with  much  confidetice,  that  the  disease  of  the  capsules  in 
Morbus  Addisonii  is  uniform  aud  peculiar.  In  all  the  examples  which 
we  have  now  in  our  museum,  amounting  to  thirty-three,  the  disease  is 
Df  the  same  nature  in  all."  f 

Of  one  hundred  and  ninety-six  cases  reported  by  Dr.  Greenhow,  the 


•  Guy*5  Hospital  Reports,     Vol.  xl,  1S65, 
cine.     Vol.  ii.,  p.  113, 
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supra  renal  capsules  were  found  ta  have  undergone  the  diaracte 
morbid  change  in  one  hundred  and  twenty-seven.* 

In  consideration,  therefore,  of  these  facts,  it  is  extremely  probable" 
that  certain  organic  changes  in  the  capsufe  of  the  kidney,  and  the  pecu^ 
liar  symptoms  of  the  disease  under  consideration,  are  directly  related  to 
each  other  as  cause  and  eflfect.     If  the  affection  be  recognized  before 
the  bronzing  of  the  skin  has  taken  place,  it  may  possibly  be  arrested* 

Unfortunately,  however^  it  is^  as  a  rule,  impossible  to  diagnose  the 
disease  before  the  discoloration  of  the  skin  commences,  when  it  b 
generally  acknowledged  to  be  incurable. 

In  regard  to  this  bronzed  discoloration  of  the  skin,  microscopical 
examinations  by  Dal  ton  and  others,  have  demonstrated  that  it  is  due 
to  pigmentary  granules  in  the  rete  mucosum,  similar  to  tliose  in  the 
skin  of  Ihe  negro. 

We  give  the  following  details  of  the  remarkable  effects  of  electricity 
in  a  case  of  Addison*s  disease  exactly  as  they  appeared  in  the  first 
edition  of  this  work.  After  the  patient  had  approximately  recovered 
his  strength,  he  was  presented  before  the  New  York  Medical  and 
Library  Association,  by  Dr.  Rockwell,  as  an  illustration,  not  as  a  ($iri, 
of  a  case  of  disease  of  the  supra- renal  capsules,  but  as  one  of  the  vciy 
best  illustrations  of  the  extraordinary  tonic  powers  of  general  faradization. 

Most  of  those  present  acknowledged  the  amelioration  of  the  man^s 
symptoms  to  be  the  result  of  the  treatment,  but  doubted  whether  there 
was  or  had  been  disease  of  the  capsules.  For  two  years  afterwards  tlie 
[latient  lived  and  enjoyed  during  the  time  all  the  vigor  that  had  resulted 
froJn  the  use  of  electricity.  Suddenly,  and  without  apparent  cause,  his 
strength  failed  him,  and  within  twenty-four  hours  he  died,  A  post- 
mortem was  obtained  which  substantiated  the  original  diagnosis  The 
capsule  of  one  kidney  had  entirely  disappeared,  leaving  in  its  stead 
some  calcareous  remains.  The  other  capsule  was  situated  on  the  in- 
ternal border  of  the  kidney  a  little  below  its  normal  seat,  and  was  com- 
posed of  a  cheesy-like  substance — characteristic  of  the  disease. 

The  specimen  was  presented  by  Dr.  Rockwell  before  the  memberi 
of  the  New  York  Pathological  Society. 

DUease  9/  tht  ntpra-renal  (apsttUs — Durk  skin — Deficient  tetretwm — Parafyus  »/ 

thi  left  arm — Loss  (*f  sfxval pouter—  Very  great  impvmftment  under  general  far* 

adi%ation — Slight  further  improvement  under  galvanisation  of  ihe  symp^tkeiit^ 

CaseCLXXXIX, — ^Thc  patient,  a  man  aged  45,  was  referred  to  us  by  Dr.  IL 

H,  Gregory,  of  Flarlcm,  and  the  didgnosis  of  dbeaae  of  the  snpra-reiiAl  cap&uks  wm 

confirmed  by  Prof.  Auslin  FiinL 

*  Clymer  in  Aitken's  Practice  of  Medicine.     Vot  ii.,  p,  iia 
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Until  November,  1867,  the  patient  enjoyed  perfect  health. 

A1)out  ihis  time  he  began  to  observe  slight  symptoms  of  exhaustion,  Stion  hit 
»ppctite  failed  him.  He  became  anxmic,  andsiiflcred  from  exec 5^1  ve  fat igiic  after  th« 
slightest  exertion. 

He  was  confined  to  his  bed  during  the  month  of  January,  when  Ijc  first  observed 
iome  slight  discoloration  of  his  face  a.nd  hands. 

During  the  succcetJing  months,  luitil  August,  186S,  his  general  health  sciniied  tc 
improve  somewhat,  so  that  he  was  enabled  to  enga^  in  moderate  labor.  At  this 
time  he  suddenly  relapsed  into  a  state  of  utter  exhaustion.  His  ^kin  became  severa] 
shades  darker,  and  hh  general  appearance  was  that  of  an  orrlinary  mulatto. 

HU  bowels  l>ecame  distressingly  constipated.  Sleep  was  fitful  and  unrefreshing 
His  mouth  and  throat  were  excessively  dry  and  parched;  indeed^  the  funtition  of  the 
iccretory  organs  generally  was  markedly  impaired. 

The  skin  v^as  sfirivelted  and  dry.  The  finger-nails  were  britlle,  l)reaking  on  the  ap* 
pUcatton  of  ft  very  slight  force  The  left  arm  was  sitff  and  almost  powerless.  It 
could  not  be  bent  beyond  a  right  angle,  nor  lifted  more  than  a  few  inches  from  the 
side.     Lastly,  the  sexual  power  and  desire  were  entirely  lost. 

All  of  lhe«  symptoms  persisted,  with  but  slight  variation,  notwithNfanding  an  un* 
interrupted  tonic  treatment,  until  June,  1869,  when  the  ca*<e  feU  under  our  observa- 
tion. As  the  most  prominent  and  distressing  symptom  of  which  the  patient  com- 
plained was  the  excessive  dcbQity  that  unfit teil  him  for  the  slighte^^t  exertion,  the 
results  of  Ircatmcnt  by  general  electrliation  illustrate  more  forcibly  than  in  most  other 
instances  its  remarkable  constitutional  tonic  power*  A  general  ap|ilication  of  the 
faradic  current  revealed  not  only  a  profound  ani^sthetic  condition  of  the  whole  body, 
but  also  an  unusual  general  impairment  of  the  electro- muscular  contractility.  By 
placing  the  negative  electrode  at  the  pit  of  the  stomach,  and  the  positive  on  the 
neck,  a  Uttle  above  the  seventh  cervical  vertebra,  distressing  nausea  was  invariably 
produce<l. 

The  patient  Ijcgan  to  amend  from  the  first  day  of  treatment,  and,  after  having  re- 
ceived thirty  general  applications  of  the  faradic  current,  liis  condition  at  tliat  date 
may  he  thus  summed  up  i 

1st.  He  had  long  been  completely  cured  of  his  constipaticm. 

2d,    Sleep  was  perfectly  sound  and  refreshing. 

3d,  The  dry  and  parched  condition  of  his  mouth  and  throat  was  entirely  relieved^ 
and  all  tjjc  secretions  of  the  body  had  increased  in  quantity  and  quality. 

4th.  His  finger-nails  were  restored  to  their  usual  elasticity. 

5th.  He  had  approximately  recovered  the  use  of  his  arm.  This  improvement  wai 
manifest  after  the  third  application. 

6th,  T)ie  sexunl  organs  had  heen  very  decidedly  strengthened. 

71I1,  Above  all,  his  strength  and  power  of  endurance  had  progressed  with  the 
«bove  changes.  At  first  he  was  barely  able  to  crawl  a  single  block  ;  he  could  after* 
sraixis  walk  a  couple  of*  miles  without  suffering  unpleasant  fatigue,  and  could  readily 
tngage  in  any  light  lal)or. 

Sth.  In  regard  to  the  bronzing  of  the  skin,  the  change  was  not,  as  yet,  very  marked. 
The  discoloration  secmeiJ  to  be  a  shade  lighter,  and  had  sensibly  receded  on  the 
lidei  of  the  fingers  and  hands. 

Wc  have  referred  to  the  naiiseai  excited  by  the  electric  current.    In 
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view  of  certain  theories  that  have  been  advanced  concemmg  A JJison'i 
disease,  this  fact  is  of  considerable  interest. 

The  semilunar  ganglion  and  solar  plexus,  and  also  the  pneumo 
gastric  and  phrenic  nerves,  supply  nervous  filaments  to  the  capsules. 

In  consideration  of  this  fact,  Dr,  Habershon  and  others  are  of  the 
**  opinion  that  the  more  fully  the  disease  is  known  the  more  completely 
will  it  be  traced  to  the  sympathetic  nerve.*'  The  unusual  action  of  even 
a  mild  current  on  that  nerve,  in  producing  nausea,  tends  to  strengthen 
this  conclusion. 

This  annoving  sjmiptom  rapidly  became  less  marked  as  the  patient 
gained  strength  under  the  influence  of  electrization,  and  a  most  powcr^ 
ful  current  could  soon  be  applied  without  causing  inconvenience. 

The  patient  was  subsequently  treated  by  galvanization  of  the  sympa- 
thetic, with  some  further,  though  not  marked,  improvement. 

Very  little  scientific  attention  has  been  given  to  the  clectro-thera 
peutics  of  diseases  of  the  kidneys,  although  the  organs  arc  sufiiciently 
accessible  to  electrization.  Most  of  the  recognized  chronic  diseases  of 
the  kidneys  are  of  so  grave  a  character  that  they  have  offered  but  little 
encouragement  for  electrical  experimentation. 

It  is  impossible  to  pass  an  electric  current  through  the  body  in  the 
region  of  the  kidneys  without  directly  affecting  these  organs,  as  is  clear 
from  what  is  known  of  the  conductibility  of  the  tissues,  and  also  from 
clinical  observation.  In  many  instances  patients  have  called  our  atten- 
tion to  the  fact  that  after  general  faradization  the  secretion  of  urine  was 
much  increased. 

Comphtt  mppretsion  of  urine  for  six  days^  foU&wing  an  attack  of  gravel^ThrH 
applications  of  general  faraditation  it  followed  by  a  copious  flow^  amoumUHg 
tn  eighteen  hours  to  aver  twelve  ^arts. 

Case  CXC. — Mr,  S-,  aged  about  50,  and  weighing  some  3S0  U)s. ,  had  for  sevend 
jrears  suffered  more  or  less  from  graveU  In  these  paroxysmal  attacks  the  uriae  wou^ 
often  t>ecomc  completely  suppressed,  but  by  a  warm  bath  and  warm  drink  the  fane* 
tional  activity  of  the  kidney  invariably  returned  in  a  short  time.  On  one  occasion,  how* 
ever,  after  an  attack  of  unusual  severity,  these  ordinary  remedies  completely  failed  to 
re-establish  the  excretion  of  urine*  Dr.  H.  H.  Gregory  was  immediately  called,  and,  in 
conjunction  with  Dr,  W,  H.  Draper,  vainly  endeavored  by  cj^ery  mean^  at  commaml 
to  relieve  the  sufknng  patlait.  At  the  end  of  the  sixth  day  but  about  thirty  dro^of 
a  thick  and  bloody  fluid  hart  been  paiised,  and  Dr.  Gregory  requested  us  to  use  elec- 
tricity, Tlie  patient  was  at  this  time  completely  prostrated  and  very  drowsy,  but  no 
odor  of  urea  conld  be  detectefl  in  the  breath.  We  decided  to  submit  the  patient  to 
general  faradization,  and  on  Saturday  evening,  the  sixth  day  of  the  suppression,  madt 
A  preliminary  attempt.  There  was  so  much  adipose  tisue  to  overcome,  imd  the  skii 
of  the  pfttient  was  so  exceedingly  sensitive,  that  it  was  very  difficult  to  cany  out  lU 
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proposed  treatment  eflectually.  On  Sunday  morning  &  second  applicaiion,  with  an  in* 
crea-sed  strength  of  current,  was  jrivcn,  and  again  on  Sunday  evening  at  ioo*clock  the 
treatment  was  essayed  a  third  time.  Two  hours  subsequently  the  patient  felt  a  de* 
are  to  urinate  and  succeeded  in  passing  an  ounce.  In  a  few  minutes  the  desire  to 
urinate  returned,  when  almost  witliout  cessation  he  passed  an  ordinary  sited  chamber 
full,  and  up  to  six  o'clock  ilic  same  day  twelve  quarts  were  voided.  From  this  time 
fnrih  the  kidneys  continued  active,  and  the  patient  recovered. 

An  instructive  feature  in  this  unique  and  interesting  case  lies  in  the 
fact  that,  notwithstanding  a  complete  suppression  for  i68  hours,  the 
symptoms  of  tiraemic  poison  were  by  no  means  so  decided  as  might  be 
expected.  This  amelioration  can  without  doubt  be  fairly  attributed  to  the 
skilful  management  of  the  attending  physician,  especially  in  the  matter 
of  hot-air  baths,  by  which  the  excretory  function  of  the  skin  was  kept  in 
a  constant  state  of  activity. 

In  relation  to  the  credit  due  to  electricity  for  the  successful  issue  of 
this  desperate  case,  whether  the  symptoms  were  self-limited,  or  whethei 
the  treatment  by  the  hot-air  baths  and  internal  medication  would  alone 
and  in  good  time  have  brought  about  the  desired  result,  it  is  impossible 
positively  to  decide.  On  the  principle  oipost ho^  et^  etc.,  it  would  cer- 
tainly seem  as  if  faradization  should  be  regarded  as  the  important  thera- 
peutic factor  employed,  especially  as  its  power  to  increase  the  urinary 
secretion,  both  in  the  healthy  and  diseased  condition  of  the  kidney,  is 
clearly  taught  by  experience. 

Diabetes. — The  supposed  relation  of  this  symptom  to  the  disease  of 
the  brain  suggests  the  propriety  of  treating  it  by  galvanization  of  the 
sympathetic  and  of  the  train  and  spinal  cord. 

Dr,  Wm. -Dickinson,*  who  has  made  post-mortem  examinations  of 
the  brain  and  spinal  cord  of  five  diabetic  patients,  found  the  following 
peculiar  morbid  changes,  which  were  nearly  similar  in  all : — 

1.  Dilatation  of  the  arteries.     This  was  the  earliest  symptom, 

2.  Degeneration  of  the  nervous  matter, 

3.  Cavities  produced  large  enough  to  be  seen  without  the  micro 
scope,  and  which  contained  products  of  nervous  decay. 

4.  These  contents  become  absorbed. 

These  changes  were  found  near  the  arteries  and  tliroughout  the 
spinal  cord  and  encephalon,  but  especially  in  the  medulla  oblongata 
and  pons  varolii. f 

♦  Medical  Times  and  Gazette,  March  19,  1870. 

f  The  relation  which  has  been  established  by  Calvi  between  diabetes  and  pmriliisof 
the  vuiva,  which  is  a  nervous  affection,  would  seem  also  to  speak   for  the  nervoui 
,  character  of  the  former  disease,     (See  Damon's  Neuroses  of  the  Skin,  186S,  p.  25,) 
4* 
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These  investigations  were  confirmed  by  a  most  distinguished  author 
ity  in  nervous  pathology,  Dr*  Lockhart  Clarke* 

Besides  these  patliological  observations,  there  are  two  gene^l  con 
siderations  which  might  be  adduced  in  favor  of  the  theory"  that  Jiabdct 
is  essentially  a  nervous  disease. 

In  the  first  place,  it  appears,  in  some  instances  at  least,  to  be  brought 
on  by  excessive  mental  excitement  or  worry.  That  it  may  be  produced 
by  concussion  of  the  brain  is,  we  believe,  conceded.  That  there  is  i 
relation  between  diabetes  and  the  base  of  the  brain  has  for  some  fitxm 
been  more  than  suspected. 

Secondly,  the  results  of  some  of  the  iherapeutical  measures  wonld 
seem  at  least  to  indicate  that  this  disease  may  be  favorably  infltienocd 
through  remedies  that  affect  the  nervous  system.  ProC  Austin  Flint  • 
has  recently  published  reports  of  two  or  three  cases  of  diabetes  that 
were  decidedly  benefited  by  bromide  of  potassium. 

Experience  is  the  best  and  only  test  of  the  strength  of  these  facts  and 
considerations.  The  experinjent  of  central  galvanization — including 
the  brain,  spinal  cord,  and  sympathetic — Is  surely  worthy  of  a  faithful 
trial,  especially  in  the  early  stages  of  this  affection.  This  treatment 
would  be  none  the  less  indicated  if,  as  some  suppose,  the  pathological 
changes  found  in  the  brain  and  spinal  cord  of  diabetic  patients  vt 
merely  the  reuiit  of  the  disease. 

Experimentally  faradization  of  tlie  liver  might  also  be  tried. 

Semmolaf  has  fotmd  both  temporary  and  permanent  results  from 
faradization  and  galvanization  of  the  pneumogastric.  In  some  CiS€« 
both  the  quantity  of  urine  and  of  sugar  were  diminished.  It  nuyberc- 
marked  that  it  would  be  difficult  to  galvanize  the  pneumogastric  without 
also  affecting  the  sympathetic. 

It  is  yet  too  early  to  offer  positive  opinions  in  regard  to  the  electro- 
therapeutics of  this  disease,  but  the  following  cases  are  suggestive  of 
what  may  possibly  be  accomplished  in  the  future. 


Diahttes  Mtltitus  of  (raumatk  might  in  an  age  J  patient — Rapid  relief  cf  all  i^ 
symptomi^  and  apparent  arrext  &f  iht  disease  under  ccnttai  gahfanitati§»— 
Subsfipunt  attaek  ef  hemtpUgia, 

Case  CXCt, — J.  D.,  a  farmer,  aged  76,  was  rtfenred  to  os  January  30,  i873i  ^ 
Dr.  J.  IL  Kaymojid*  The  patient  had  always  been  active,  laborious  aq^  well*  sniil 
two  years  previous^  when  he  fell  ten  feet  in  a  barn»  struck  and  hit  on  bis  «*J<:  Thtt 
same  night  came  pain  in  the  nipple*  and  a  very  profuse  flow  of  urine.  At  onelin« 
he  passed  as  high  as  two  qu;irts  and  three  pints  daily.     It  was  ascertained  ihil^ 

•  American  Practitioner,  Jan.,  1S70. 

fQ  toted  by  AUhaus^  op.  dt«,  p,  582* 
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i(  contnined  sugar,  and  l>y  medical  advice  he  had  adoptcrl  Camplin^s  diet,  arid 
idcr  Dr.  Raymond  had  taken  carbonate  of  soda  with  advantage. 
The  symptoms  at  the   time  the  patient  came  to  us  were  as  follows  : — There  was 
dache,  bad  taste  in  the  mouth;  the  urine  had  a  &peci5c  gravity  of  1034,  and  he 
obliged  to  rise  in  the  night  to  pass  water;  about  two  quarts  were  passed  daily; 
there  was  considerable  muscular  de)>ility,  so  that  a  short  walk  was  fatiguing. 

On  the  theory  tliat  the  disease  was  in  the  spinal  cord,  or  at  least  in  some  part  of 
the  central  nervous  system,  we  began  to  use  central  galvantzationf  with  immediate 

tiltSb  After  the  first  application  be  began  to  be  stronger,  and  after  a  week  it  was 
longer  ncetlful  for  him  to  rise  at  night  to  pass  water.  The  specific  gravity  of  the 
Qrinc  soon  went  down  to  1019,  at  which  point  sugar  could  still  be  detected.  The 
j|jet  of  the  patient,  and  his  general  manner  of  life,  were  the  same  as  before.  Sugar 
15  never  entirely  expelled  from  the  urine,  but  in  strength  the  patient  so  much 
tproved  that  he  could  walk  several  miles  daily.  The  headaches  were  felt  no  more, 
d  the  bad  taste  was  much  mitigated.  He  returned  to  his  home  and  to  his  occupation, 
d  WAS  able  to  work  more  or  less  for  six  mouths,  when  he  was  taken  with  bemi- 

Dr.  Bunker  informs  us  that  he  has  similarly  treated  a  case  of  dial^tcs,  and  has  from 
Ime  to  lime  examined  the  urine  and  estimated  the  quantity  of  urea.  He  has  con< 
irmed  the  experience  above  recorded ;  and  besides,  has  shown  what  we  did  not 
ttempt,  that  the  quantity  of  urea  diminished  very  markedly  under  the  treatment. 

In  the  following  much  severer  case  the  apparent  results  of  treatment 
Fere  less  decided  : — 

^iahttis  mfl/Uutf  two  and  a  Mf  yenrf  standings  appartntly  caused  by  a  falt^ 
c&mpIkaUd  with  various  nervous  symptoms^^Ttmporary  bcntfii  from  ctnirtU 
galv*tmzathn, 

,  Case  CXCIL — Mrs.  L,,  a  married  lady,  under  middleoge,  wasscnt  tousMArtJi4, 

%1'S*     Two  and  a  half  years  before  she  had  a  severe  fall,  which  pro<hicetl  a  concus* 

ion  of  the  spine,  and  laid  her  up  fur  a  week.     In  a  few  months  came  oit  exce^ive 

tbirstf  constipation,  and  sugar  in  the  urine.     She  had  been  through  various  forms  of 

eatment,  and  confined  herself  to  bran-bread,  and  was  then  drinking  Bethesda  water« 

^hich  seemed  to  do  her  goo^L    ,ller  condition  was  as  follows:  Specific  gravity  of 

ic,  1049  ;  six  gallons  pa^ed  daily  part  of  the  time,  and  when  she  paid  no  regard 

her  diet.     Considerable  facial  neuralgia,  great  thirst,  a  feeling  of  aching  and  stilT- 

in  legs,  with  pains  resembling  growing  pains  ;  insomnia,  partly  owing  to  the  fact 

she  was  obliged  to  get  up  several  times  during  the  night  to  pass  water ;  and  ten- 

icss  of  dor>al  and  lumbar  vertebrae.     Treatment  by  central  galvanization  faithfully 

brought  down  the  specific  gravity  of  the  urine  to  1040,  but  never  lower  than  that, 

enabled  her  to  pass  the  entire  night  without  rising  to  make  water,  and  relieved  many 

<»r  her  general  nervous  symptom.%  and  this  was  all  it  accomplished. 


Cirrhosis  of  the  Liver. — The  pains  that  accompany  this  disease  may 

relieved  by  various  electrical  applications,  and  it  is  possible  that  the 

Isease  might  be  arrested,  in  some  cases  at  least,  provided  the  treat- 
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ment  was  began  early  and  faithfylly  carrictl  out.     We  have  known  one 
case  to  be  somewhat  benefited  in  this  way. 

Dropsical  ii^«j/>wx.^ Dropsical  effusions  are  susceptible  of  treat* 
ment  by  the  electric  currents,  even  when  they  depend  on  incurable  dis- 
eases of  the  heart,  liver,  or  kidneys.  Galvanizatioa  and  faradisation 
may  both  be  tried  with  strong  currents. 

In  cedenia  of  the  lower  limbs  we  have  found  both  galvanization  and      i 
faradization  temporarily  and  sometimes  permaneDtly  efficacious.  H 

Genera  t  dropsy  the  result  of  vahmtar  heart  disease — Powerful  far adic  furreati^ 
local t zed ^  p^eatly  increase  tfte  seertfary  action  of  the  kidney s^  and  dissif^su  iht 
dropsical  effusion.  fl 

CaseCXCIII, — December  13,  1870,  we  were  called  to  see,  with  Dr,  Samud  T,  ™ 
Hubbard,  a  lady  agctl  about  thirty-five  years,  who  was  siifTering  from  genertl  drop^* 
The  abdomen  was  enormously  distended^  and  the  lower  limbs  were  double  theirtior> 
mal  siEe.      The  patient  was  a  frail,   delicate  woman,  and  for  years  had  suffered  fnm 
valvular  disease  of  ihc  heart  resulting  from  articular  rheumatism* 

The  kidneys  were  almost  entirely  inactive,  so  that  she  voided  not  more  don  1 1* 
spoonful  of  utiiie  at  a  lime,  and  the  aggregate  quantity  lecreted  during  twcnty-fow 
hours  was  but  a  trifle.  All  that  we  could  hope  to  accomplish  was  to  whip  up  the 
lecrelory  process,  and  for  th*ftpurpoi»e  a  faradic  current  of  great  intensity  ti-os  directed 
through  both  kidneys  and  ibe  lower  limbs.  The  current  was  to  the  patient  hardljrl{K 
preciable,  notwithstanding  the'  great  strength  of  current  used,  and  yet  the  flow  o|  | 
urine  was  so  increased  that  during  the  next  twenty-four  hours  a  greater  amount  wii  j 
voideil  than  she  was  accustomed  to  pass  when  in  her  ordinary  health.  The  appli;.!*  ' 
tions  were  repeated  fifteen  times  (the  increased  amount  of  urine  secreted  being  kepi  1 
up)  until  the  water  had  disappeared  from  the  abdomen  and  legsL  This  was  oaly  ' 
one  of  several  previous  attacks,  and  her  strength  was  so  much  reduced  by  contiooed 
iuflering  that  ^e  gradually  sank  and  died.  Etectnzatton  evidently  prolornged  life,  and 
by  relieving  the  pressure  on  the  lungs,  much  alleviated  the  distrcs. 

Bright s  Z>yj^£7X£'. '-Theoretically,  local   galvanization   through  lit 
region  of  the  kidneys  and  central  galvanization  ought  to  be  of  service 
in  the  early  stages  of  Bright's  disease.      The  nutrition  of  the  kidoeji  \ 
might  thus  be  improved  directly  and  indirectly. 

We  have  not  yet  experimented  as  much  in  this  direction  as  wc  coold 
wish. 

Dr,  H.  J.  Pratt,  of  Denver,  Colorado,  reports  a  case  of  Bright"! 
disease  where  the  galvanic  current  applied  over  the  dropsical  abclomca 
and  general  faradization  resulted  in  relief  of  the  dropsy,  and  in  a  dimi- 
nution of  ihe  amount  of  albumen  and  of  the  hyaline  casts. 

Rhinitis  {Catarrh), — Subacute  and  clfronic  inflammations  of  inuctKil 
membranes  are  susceptible  of  electrical  treatment — may,  indeed,  be 
permanently  as  well  as  temporarily  relieved  by  it,  though  but  raitl^ 
does  it  work  an  entire  cure  unless  aided  by  other  measures. 


CHRONIC  RHINITIS— ANOSMIA. 
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Aside  from  any  chemical  effect  of  the  current,  its  mechanical  actio  a 
atone  would  be  sufficient  to  theoretically  account  for  the  relief  it  gives 
to  inflamed  mucous  membranes.  Stellwag,  speaking  of  irritants  in 
general  in  the  treatment  of  external  inflammations  of  the  eye,  uses  the 
following  language  :  "  The  irritation  which  they  set  up  in  the  sensory 
nerves  being  carried  over  to  the  vaso-motor  nerves,  may  cause  a  con- 
traction of  the  calibre  of  the  vessels  when  they  are  in  a  condition  of 
relaxation.  This  is  done  by  the  excitation  and  invigoration  of  the 
atonic  muscular  fibres.  The  resolution  of  the  inflammation  is  favored 
by  the  lessening  or  removal  of  the  congestion,  which  is  one  of  the 
causes  of  the  unfavorable  course.*'  ♦ 

The  theor)'  is  fully  plausible  that  electricity  operates  to  a  less  degree 
in  the  same  way,  for  its  primary  effect  is  to  increase  the  amount  of 
blood  in  the  mucous  membrane  to  which  it  is  applied,  and  experience 
bows  that  this  hypersemic  condition  thus  created  soon  passes  away,  f 

The  same  explanation  wil!  apply  to  the  action  of  electricity  on  all  the 
"mucous  membranes — the  eye,  the  ear,  the  pharynx,  larynx^  and  urethra. 
Certainly  the  uhimate  result  of  electrization  is  to  give  tone  to  the  mu- 
cous membranes  as  to  other  tissues  of  the  body.  (For  methods  of 
treatment  of  rhinitis,  see  Anosmia,) 


Caiarrk  <*f  eight  years*  standing — Complete  and  permamnt  reeaftfiry  under  t&eal 

»ga}vani&atian. 
Case  CXCIV.  —Mr,  N.,  aged  28,  was  referred  to  us  by  Dr.  D.  B.  St.  John  Roosa, 
For  eight  years  the  patten  t  had  be«n  a  filleted  with  nasal  catarrh,  of  a  most  persistent 
and  annoying  type.  Wc  expressed  tloulit  ai  to  the  efficacy  of  the  electrical  treat- 
ment in  her  case,  and  stated  that  if  it  wa^  undertaken  it  wouLU  be  necessary  to  be 
most  persevering  in  order  to  test  its  cfhcacy. 

The  patient  was  wilbng  and  anxious  to  try  this  or  any  other  method  that  ofTered 

I  the  slig!»test  chance  of  relief,  and  for  nearly  Tour  months  she  submillcd  to  the  pro- 

iposcd  treatment.     From  four  lo  six  ordinary  sized  rinc-carbon  cells  were  used,  and 

the  treatment  was  l>oth  external  and  mternal     AV>t>ut  sixty  appbcaijons  were  givenp 

and  the  result  was  a  complete  recovery* 

Over  four  years  have  now  elapsed  since  this  case  was  first  published, 
but  the  patient  has  never  felt  a  symptom  of  a  return  of  the  diffi- 
ctilty. 

Anosmia^  or  Loss  of  Sense  of  Smell, — A  very  frequent  result  of  long- 
continued  rhinitis  is  partial  or  complete  anosmia.     The  acute  form  thai 

»•  DJsca^cs  of  the  Eye.     Translated  by  Drs.  Hackley  and  Roosa,  p.  26, 
I  Gulutiew  has  shown  that  the  capillaries  of  the  nictitating  membrane  of  the  frog 
contract  transversely  under  the   influence  of  powerful  electrical  shocks.     (Billroth'i 
Siirgical  Pathology.     Translated  by  Dr.  C    E.  Hockley^  p.  53-) 
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appears  in  the  early  stages  of  severe  cold  usually  passes  away  wiilwMit 
treatment  on  the  subsidence  of  the  inflammation.  In  some  Cises 
anosmia  is  supposed  to,  and  probably  does,  result  from  caxeless  &nd  loo 
prolonged  use  of  over-irritating  injections.  There  are  various  grades 
of  the  disease,  from  simple  and  scarcely  perceptible  obtuseness  of  the 
smell  to  absolute  inability  to  detect  any  odor  whatevci. 
Kerosene,  coffee,  illuminating  gas,  make  no  more  iiuj^rci- 
sion  than  substances  of  a  negative  character. 

Anosmia  may  also  result  from  central  as  well  as  pexiplieiai 
lesion. 

The  treatment  of  anosmia  may  be  both  external  and  intcmal 
The  externa!  treatment  is  the  same  as  that  recommended 
for  rhinitis,  except  that  the  current  should  be  miichstroogcr; 
the  internal  treatment  consists  in  the  direct  application  of  a 
metallic  electrode  to  tlie  mucous  membrane  of  the  nasal 
passages.  We  have  used  for  this  purpose  an  insulated  dec* 
trode,  with  a  metallic  bulbous  extremity  that  can  be  run 
some  distance  up  the  inferior  meatus.  An  insulated  Eus- 
tachian  catheter,  containing  a  wire  with  a  bulbous  cxtrcmit)*, 
serves  very  well  the  puqjose,  or  a  common  silver  catheter, 
Nasal  Eko  ^^^'"^ulated,  may  be  used  ;  or,  indeed,  any  flexible  nicullic 
trode,      electrode  of  proper  sire. 

Ancsmia  existing  six  y€ars-' Improvement  under  treatment  hy  toea!  farttdi9ati&^ 

Case  CXCV.— Mr.  H.  I.,  n  medical  Ftuc^cnt,  aged  30,  was  referred  to  osbf  D*. 
Roosa,  May,  1S69.  Some  six  years  previously  the  patient  had  fallen  from  a  Wieiad 
sustained  severe  bruises  about  the  head  and  face.  From  that  time  be  bad  been  unabk 
to  distinguish  any  odor  with  the  exception  of  that  of  fresh-ground  coffee  and  kcioflOie 
oil. 

A  powerful  application  of  the  faradic  current  was  made  on  either  side  of  the  bfldfp 
of  the  nose,  near  the  eyes,  enablLzig  him  in  the  course  of  a  few  hours  to  smell  ^If 
certain  strong  perfumes. 

On  the  folio  Ml  tig  morning,  however,  he  was  surprised  to  find  himself  able  to  mbB 
tobacco  smoke,  camphor,  etc. 

His  sense  of  smell  rctnalned  thus  acute  until  three  or  four  in  Lh«  afternoon  wbeo 
it  suddenly  disappeared. 

A  second  application  was  followed  by  the  beneficial  result  of  the  firstf  md  ^^ 
only  a  partial  relapse,  while  the  third  and  fourth  seances  rendered  him  iaisiy«ta 
roost  of  the  ordinary  odors. 

Anosmia  assxiaitd  ttfitk  l9St  &/  the  sense  ^f  taste — Recmery  under  dfC^iMipin^ 

Cask  CXCVL— Mrs.  H.,  sent  to  us  by  Dr.  A.  N.  Brockway,  aged  45,  ww«fl««* 
ing  from  a  severe  and  cbronic  na»il  catarrh,  and  associated  with  this  disease  i*»  ^ 
complete  loss  of  the  senses  of  laste  and  smell. 
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It  WAS  (like  to  the  patient  whether  she  ate  the  most  delicate  morset  or  the  dryest 

it^  01  whether  she  inhaled  the  perfume  of  the  rose  or  tlie  most   dUagreeable  o( 

^  odors.     This  condition  has  existed  far  several  years,  but  under  the  influence  of  tht 

Calyanic  current,  applied  both  to  the  mucous  membrane  of  the  nasal  passages  and  ex.* 

ieriialI)V  the  senses  of  taste  and  smell  grotlually  retiamed  to  therr  normal  acutcnesB. 

Toothache  {Odontalgia), — ^The  pathological  conditions  that  give  rise 
to  toothache  are  so  various,  and  the  anatomical  difficulties  in  the  way 

Lto  direct  localijtation  of  the  current  in  the  affected  nerve  are  so  great^ 

'that  uniform  results  from  electrical  treatment  cannot  be  expected. 

The  famiJiar  cause  of  toothache  is  exposure  to  cold.  Although  the 
nerves  connected  with  decayed  teeth  are  more  liable  to  be  affected 
after  such  exposure,  yet  the  nerves  of  any  or  of  all  the  teeth,  even 
when  they  are  perfectly  sound,  may  also  become  hyperaesthetic  and 

Lcausc  exceeding  distress,  either  from  exposure  to  cold,  or  from  anaemia 

lor  nen'ous  exhaustion.* 

The  applications  may  be  exttrfial  or  internal,  either  with  the  faradic 

lot  galvanic  currents.     The  galvanic  is  preferable,   since  by  it  we  can 

|better  put  the  irritable  nerve  in  a  condition  of  anelectrotonos  (see  p. 
iSi),   Externally  a  moistened  sponge  electrode  connected  with  the  posi- 

Ftive  pole  may  be  applied  for  a  few  minutes  over  the  seat  of  the  pain, 

^  while  the  other  is  held  in  the  hand  of  the  patient. 

The  application  may  be  made  internally  by  means  of  a  small  insulated 

[electrode,  with  a  metallic  extremity.    (The  nasal  or  laryngeal  electrode 

^will  serve  the  purpose.) 

In  both  the  external  and  internal  applications  it  is  well  to  begin  with 

.a  mild  current,  and  gradually  increase  it  up  to  the  point  where  the 

^patient  can  conveniently  bear  it. 

Osone  and  Osonized  Oxygen. — When  sparks  of  electricity  pass  be- 
tween two  metallic  plates,  a  peculiar  odorous  principle  is  developed, 

I  which  has  been  termed  otone  (from  o^^,  to  smell).   This  odor  is  observed 

I  during  experiments  with  ajiparatus  for  statical  electricity,  while  the  elec- 

'  tricity  is  passing  from  a  point,  when  a  discharge  from  a  strong  battery  is 
sent  tlirough  a  number  of  sheets  of  paper,  and  also  after  an  object  has 
been  struck  by  lightning.  As  long  ago  as  1785,  Von  Marum  observed 
that  electrified  oxygen  gave  forth  an  odor  much  like  that  which  is  ob- 
sen'ed  after  a  lightning  stroke*  This  odor  was  ysoally  described  as  "  sul- 
phurous." Mr.  Schonbein,  who,  in  1840,  first  called  forma!  attention  to 
ozone,  first  discovered  that  it  appears  at  the  positive  pole  in  the  elec- 
troly ration  of  water- 

♦  Frommhold  gives  an  interesting  chapter  on  Odontalgia  Rheumatfca*  See  lui 
Klcctrothcrapie  mii  besoaderer  Rucksicht  auf  Nerven^Kranklieiten,  1865,  p.  404. 
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The  obsen  er  also  found  that  this  peculiar  odoriferotis  principle  am  k 
preserved  in  glass  vessels  for  a  very  long  time.  The  odor  oiaj  be  pre 
vented  from  appearing  by  raising  the  temperature  of  the  liqtiid  to  i 
boiling  point,  and  it  may  be  at  once  neutralized  by  the  addition  ot 
quite  small  quantities  of  pulverized  charcoal,  tin,  zinc,  iron,  lead,  *»- 
timony,  bismuth^  or  arsenic,  by  a  little  mercury,  or  by  introducing  imo 
the  substance  red-hot  platinum  or  gold*  It  is  produced  by  the  slow 
oxidation  of  phosphorus.  It  is  disengaged  from  solutions  of  a  number 
of  the  salts,  and  from  diluted  nitric,  phosphoric,  and  sulphuric  adds. 

Mr.  Gann  concluded,  from  his  experiments,  that  this  odor  mzj  be 
evolved  from  all  metals,  provided  they  are  so  treated  as  not  to  become 
oxidized  or  to  combine  with  other  metals,* 

Tisfs, — ^The  test  for  ozone  proposed  by  Sch5nbein  was  a  paper 
moistened  with  a  solution  of  iodide  of  potassium  and  starch.  The 
ozone  sets  free  the  iodine  apd  gives  the  starch  a  deep-blue  colon 

General  Properties. — Ozone  is  active,  intensified  oxygen.  like 
oxygen,  it  has  a  powerful  oxidizing  action.  It  is  about  half  as  heiiy 
as  oxygen,  and,  at  a  temperature  of  ago'*  (Cent.),  is  changed  back  into 
ordinary  oxygen.     It  is  only  soluble  in  oil  of  turpentine. 

Ozone  exists  in  the  atnios|>here  in  greater  or  less  quantity,  which  K 
believed  to  vary  with  the  atmospheric  conditions,  and  to  exert  adcDinte 
and  powerful  infiuence  on  the  health,  although  precise  and  sati^u*  *  ; 
demonstration  of  the  nature  and  extent  of  the  laws  of  this  influence  a 
yet  wanting* 

According  to  the  experiments  of  Prof.  Schonbein,  Messrs,  Manigocr, 
Marignac,  De  la  Rive,  Jkcquerel,  Fremy,  and  others,  it  would  appoLf 
that  ozone  is  only  a  peculiar  form  of  oxygen  produced  by  cleclridtir— ^ 
change  analogous  to  that  which  the  solar  rays  bring  forth  in  chlorine— 
and  that  its  presence  in  certain  quantities  is  essential  to  health.  Ac^ 
cording  to  Dr*  Boeckel,  Prof,  Schonbein,  and  Dn  Billiard,  the  presflia 
of  cholera  or  malaria  is  attended  by  the  absence  of  ozone.f  It  h/ifisn- 
Me  that  ozone  has  more  or  less  share  in  the  variations  of  the  phjrsicil 
conditions  that  have  been  ascribed  to  changes  in  the  conditions  of  atmos- 
pheric  electricity.  Ozone  is  found  to  be  especially  abundant  tn  llie 
atmosphere  after  a  thunder-storm.  It  is  also  supposed  to  be  produced 
by  decay  and  the  growth  of  plants.  It  destroys  the  impurities  of  the 
air  miasms  by  producing  oxidation.     It  has  been  estimated  thai 

•  Lectures  on  Electricity  by  Henry  M.  Noad,  London,  1844,  p.  232. 

f  On   the   Influence  of  Varuitions  of  Electric  Tension  as  the  remote  Csam  < 
Epidemic  and  other  Diseases      By  Wm>  Craig»  1S64*  p.  424.     See  also 
f  ox  on  Or<jnc  and  Antozone   for  a  rdsume  of  what  U  known  of  thia  snb|cct. 
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volume  of  air  contaming  ^nftrir  ^^  ozone  will  purify  540  volumes  of  pu* 
bid  air/*  In  the  arts  ozone  has  been  utilized  for  bleaching  and  disin- 
fecting. 

PhysioUgkal  and  Therapeutical  Effects  of  Ozone. — ^The  physiological 
effects  of  ozone  have  been  studied  both  on  man  and  on  animals.  It  is 
believed  that  the  bracing  and  inspiring  effect  of  a  clear,  crisp,  and 
sparkling  morning,  is  due  in  part  to  the  great  amount  of  ozone  in  the 
atmosphere.*  When  it  is  held  in  combination  with  oxygen  or  common 
air,  it  acts  much  like  oxygen,  but  more  powerfully.  It  affects  the  pulse, 
the  respiration,  and  the  circulation,  in  various  ways,  according  to  the 
quantity  taken,  and  the  tcniperainent  of  the  individual.  In  this  respect, 
it  behaves  like  electricity.  It  has  been  thought  that  ozone  is  formed 
in  the  body  from  the  contact  of  oxygen  gas  with  the  blood,  and  there 
are  those  who  believe  that  it  is  absorbed  with  the  oxygen  in  the  air,  and 
is  carried  into  the  blood,  where  it  takes  part  in  the  process  of  oxidation. 

There  is  a  possibility,  if  not  indeed  a  probability,  that  electricity,  in 
its  passage  through  the  body,  generates  ozone  in  very  minute  quantities, 
through  the  electrolytic  aBd  other  changes  that  it  produces,  and  the 
theory,  that  the  beneficial  eflfects  of  electrization  arc  in  part  due  to  the 
ozone  thus  generated,  has  some  plausibility.  But  on  all  these  subjects 
very  little  is  known.  Experiments  made  in  the  laboratory  wuh  ozone, 
artificially  prepared,  are  highly  suggestive.  Catarrhal  symptoms  and 
attacks,  much  resembling  epidemic  influenza,  are  produced  by  long 
breathing  air  laden  with  ozone.  It  is  stated  that  it  would  be  difficult  to 
distinguish  between  the  symptoms  of  influenza  and  the  symptoms  of 
an  over-dose  of  ozone.  Experiments  00  animals  have  shown  that  irrita- 
tion of  the  mucous  lining  of  die  throat  and  nostrils,  with  febrile  symi> 
toms  and  congestion  of  the  lungs,  may  be  quickly  excited  by  breathing 
air  containing  a  large  percentage  of  ozone.  If  animals  are,  for  a  long 
time,  subjected  to  ozone,  they  perish.  In  their  susceptibility  to  it, 
liowever,  they  vary  widely.  A  rabbit,  breathing  air  mingled  with  ^^^^ 
of  its  weight  in  ozone,  has  died  in  two  hours.  Mice,  breathing  air  about 
l^^^  of  ozone,  have  died  immediately.  Rats  are  more  susceptible 
than  guinea-pigs,  and  guinea-pigs  are  more  susceptible  than  rabbits. 
Pigeons  are  quite  tolerant  of  ozone,  and  frogs  are  proof  against  it,  pro- 
vided they  have  abundance  of  water.  Birds  are  specially  tolerant  of 
this  agent,  as  might  naturally  be  inferred,  since,  in  the  higher  strata  of 
the  air,  where  they  fly,  ozone  is  more  abundant  than  near  the  earth. 

A  convenient  apparatus  for  the  inhalation  of  ozonized  oxygen  is  thai 

*  Dr.  Baldwin  Am.  Jour.  Med.  Sciences,  Oct.,  1 374)  g:ives  ot^servalLons  Lkat  00 
poke  this  theory. 
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of  Sienien's,  which  consists  of  a  glass  tube  lined  with  tin-foil  leaves  that 
are  connected  with  the  current  from  a  powerful  helix,  and  slightly 
separated  from  each  other»  so  that  in  passing  from  one  to  the  other  the 
current  is  interrupted  with  sparks.  Through  tliis  tube  the  oxygen  passes 
from  an  iron  receiver,  and  ozone  is  developed  by  the  action  of  the 
current  at  its  interrui*tions.  By  this  apparatus  fifteen  jjer  cent,  of  the 
oxygen  may  be  converted  into  o^one.  A  glass  apartment  may  be  con- 
structed on  the  same  principle,  in  which  the  patient  may  sit  for  a  loog 
time  and  slowly  breathe  in  a  natural  manner  the  diffused  oioni/ed 
oxygen. 

Dr.  C,  Lender,*  of  Berlin,  has  successfully  experimented  with  the  in- 
halation of  ozonized  oxygen  in  the  treatment  of  wounds,  and  has  found 
that  in  malaria  and  various  conditions  associated  with  impure  blood 
and  dei>raved  nutrition,  its  corrective  and  tonic  effects  are  very  decided 
In  this  country  the  therapeutic  effects  of  ozone  have  been  studied  by  Dr. 
Sass,  snd  ^ith  encouraging  results. 

Antozanc. — This,  like  ozone,  is  an  active  condition  of  oxygen,  and  is 
produced  in  the  same  way  and  at  the  same  time.  The  fact  that  such  i 
condition  as  Antozone  might  exist  was  suspected  bySchonbein  in  iSsS, 
and  its  ]iroperties  have  since  been  studied  by  Metssner,  in  1S63  and 
1869. 

Hay  Fever — {Summer  Catarrh — Rose  Cold — Autumnal  Catarrh^ 
We  have  recently  made  extensive  researches  in  this  strange  disease, 
and  have  shown  that  the  nervous  system  has  more  to  do  wiili  it  Utan 
has  been  su|)posed.  We  have  treated  two  cases  of  the  disease  dur- 
u:ig  the  attack  by  external  galvanization.  In  one  case  consideral^lc  -aiuI 
in  the  other  case  very  decided  rehef  was  obtained,  Dr,  W*  F.  Hutch- 
inson, of  Providence,  has  succeeded  not  only  in  relieving,  but  in  break- 
ing up  an  attack  by  central  galvanization* 

As  a  prophylactic  a  prolonged  course  of  general  faradization  or  cen- 
tral galvanization  is  reconmiended. 

Acute  £>iseases — Fevers — Commie  see  nee, — General  faradization  and 
central  galvanisation  might  be  used  in  acute  diseases  much  more  than 
they  have  been.  When  quinine,  iron»  etc,  are  used,  these  methods  of 
electrization  should  be  used  both  for  their  sedative  and  their  tonic 
effects.     That  the  pulse  and  temperature,  when  abnormally  high,  can  be 

*  Das  unreine  Blut  und  seine  Rcinigmig  durch  ncgaliv-clectnschcn  SAoersioff 
(Ozon),  Also  J  Sauerstoff  und  Ozonsaucrstoff,  ncbst  ihrcr  Anwendung  bci  Vcrwiin- 
detcn  nach  eincm  im  Berliner  Jnhalatorium  gchaltenen  Votragc*  Compare  also  Dr* 
A.  H.  Smithes  excellent  paper  00  Oxygen  Gas  as  a  Remedy  in  Di&ease.  New  Vorki 
1870. 
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reduced  by  general  faradization  and  central  galvanization  we  have 
abundantly  established  by  many  observations,  and  the  greater  tonic 
effects  of  these  methods  of  using  electricity  are  now  conceded  every* 
where. 

The  introduction  of  these  methods  to  the  treatment  of  acute  and  sub* 
acute  diseases  offers  a  great  field  for  enterprising  general  practitioners. 

Dr.  Glax  treated  thirty  cases  of  typhoid  fever  by  galvanization  of 
the  cervical  sympathetic,  and  succeeded  in  reducing  the  temperature 
and  diminishing  the  fever. 

In  convalescence  from  any  acute  disease,  general  faradization  and  cen- 
tral galvanization  are  a  great  assistance,  and  have  been  considerably 
Ufied  for  that  purpose  by  ourselves  and  other  observers. 

Obesity, — Obesity  has  been  treated  by  powerful  faradization,  with  a 
view  to  produce  absorption  of  the  adipose  tissue,  and,  it  is  claimed,  with 
some  success.     The  applications  are  directed  through  the  abdomen. 

Chronic  Alcoholism. — Without  attempting  to  consider  the  many 
symptoms  associated  with  alcoholic  poisoning,  or  attempting  to  define 
the  possible  pathological  changes  that  may  appear  in  the  membranes 
of  the  brain  and  spinal  cord,  we  would  here  simply  call  attention  to  a 
certain  imi)airment  of  motor  power  in  the  lower  extremities.  This  loss 
of  power  simulates  paraplegia,  but  as  a  rule  is  only  partial  or  incom- 
plete. 

It  is,  however,  sufficiently  distinctive  to  deserve  the  term  of  "  alco- 
holic paralysis,*'  and  is  indicative  of  a  condition  more  rooted  and  severe 
than  the  familiar  general  muscular  and  nervous  debility  that  affiicts  the 
habitual  drinker.  While  in  many  cases  of  alcoholic  parai)legia  it  is 
evident  that  certain  pathological  i)eculiariiies  must  exist,  such  as 
chronic  meningitis  of  the  cord,  on  the  one  hand,  and,  on  the  other, 
thickening  of  the  membranes  of  the  brain  and  spinal  cord,  together 
with  a  wasting  of  their  substance,  it  is  in  other  cases  as  certainly  evi- 
dent that  no  such  structural  change  is  present.  On  no  other  supposition 
can  we  account  for  the  rapidly  and  permanently  beneficial  effects  that 
so  frequently  follow  the  use  of  electrization  in  cases  of  alcoholic  para- 
plegia. 
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Electra-surgery  is  ifmi  branch  of  eUctra-therapeutics  which  indudev 
the  electrical  treatment  of  the  diseases  commonly  kmnvn  as  surgical 

Besides  the  four  medical  a]>plications  of  electricity,^ — localized  fara- 
dization, localized  galvanization,  general  faradization,  and  central  gal- 
vanization — all  of  which  may  be  used  for  surgical  diseases,  it  includes 
galvano-cautery  and  electrolysis^  both  of  which  may  be  regarded  as  i>e- 
culiar  to  this  department. 

History  of  Electro-Surgery. — The  history  of  surgical  electricity, 
though  to  a  considerable  degree  interwoven  with  the  history  of  electro- 
therapeutics in  general,  is  yet  sufficiently  distinct  to  entitle  it  to  special 
consideration. 

Electro-surgery  was  born  in  one  of  the  darkest  eras  of  electro- thera- 
peutics, the  decade  just  preceding  the  great  discovery  of  induction  by 
Faraday,  in  1831,  The  distrust  and  neglect  with  which  at-  tliis  period 
especially  electro  therapeutics  was  regarded  by  men  of  science  was  due 
partly  to  the  reacrion  that  inevitably  followed  the  extravagant  hopes 
that  had  been  raised  on  the  discovery  and  popularization  of  the  voltaic 
pile  at  the  beginning  of  the  centiu*y ;  partly  to  the  inconstancy  and  un- 
reliability of  the  pile  itself,  partly  to  the  almost  absolute  ignorance  of 
the  profession  concerning  the  indications  for,  the  ejects  of,  or  the 
methods  of  using  electricity  ;  and  partly  also  to  the  fact  that  it  was  con- 
founded with  mesmerism,  which,  after  creating  absurd  and  wide-spread 
excitement,  had  fallen  into  deserved  and  permanent  neglect 

It  was  in  the  middle  of  this  era,  in  the  year  1825.^  when  the  catlie 
of  electro-thera{>eutics  seemed  hopelessly  lost,  that  Sarlandiere  f  called 
renewed  attention  to  this  despised  agent  by  proposing  the  employment 
of  electro-puncture^  in  order  to  bring  the  current  more  directly  to  bcaf 
on  the  deeper  tissues.  The  first  experiments  were  made  with  staticaJ 
electricity* 

The  subject  was  afterwards  studied  by  Magendie«  who  used  electro 

*  Two  years  prenotialy  (1825)  Fr^roft  imf  Dumas  bad  •tl«mple(i»  with  Kmic  «iio* 
cci^  the  dufiolatKm  of  cajcnli  of  the  bl^ider  in  aninifllf ;  ukI  mifiy  ycsrt  Mbrt 
•ofoe  sm^pcal  dxacuei  bad  becB  tieateil  dcdrkaHj,  tiet  tlit  flib)eel  wai  iwl  tfUfSil^ 
aOly  studied  tmta  1S25. 

\  MAmoiref  wa  rtJectr»o-|wmiiiiy  Paria^  iSa^. 
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puncture  with  the  galvanic  current  (galvano-puncture)  in  the  treatracnl 
of  various  diseases.  At  first  dectro-puncture  was  used  medically  more 
than  surgically.  The  treatment  of  aneurisms  by  this  method  was  of  a 
later  date. 

The  idea  of  causing  coagulation  of  the  blood  by  galvano-puncttire  wu 
originally  suggested  by  Scudamorej  and  in  183 1  Gu^rard^  Pravaz,  and 
Leroy  d'Etiolles  proposed  the  treatment  of  aneurism  by  this  method, 
which  was  first  practised  by  B.  Phillips,  about  the  year  1832,*  and  after- 
wards studied  by  Liston. 

In  1839  Schuster  successfully  employed  clectro-puncture  for  the  treat- 
ment  of  hydrocele  and  other  serous  effusions,  and  in  1843  he  reported 
his  successes  to  the  French  Academy. 

In  1839^  and  the  following  year  also,  Crussel,  whose  name  is  so 
prominent  a  figure  in  the  history  of  electro- surgery,  began  his  investiga* 
tiuns  on  electrolysis.f  His  experiments  excited  little  interest  in  ihe 
profession. 

In  1843,  also,  Steinheil  and  Heider  suggested  the  theof}-  that  the 
nerves  of  teeth  might  be  killed  by  placing  a  platin"^m  wire,  heated  by 
the  passage  of  a  galvanic  current,  in  the  cavity,  and  in  1845  Heider 
first  successfully  employed  this  method.  He  used  for  this  purpose 
one  very  large  element  of  Grove.  The  operation  took  but  a  few 
seconds. 

In  1846,  Crussel,  whose  name,  as  we  have  seen,  is  also  to  be  rem 
bered  as  the  founder  of  electrolytic  treatment,  successfully  removed 
the  heated  platinum  wire  a  *'  large  fungus  h^ematodes,  situated  in  the 
frontal  and  ocular  region." 

In  the  same  year  Petr^quin,  of  Lyons,  obtained  successful  results  in 
the  treatment  of  aneurisms  by  galvano  puncture.  The  year  1846  may 
therefore  be  regarded  as  one  of  special  significance  in  the  history  of 
electro -surgery.  About  this  time  also,  the  same  treatment  was  used  by 
Burci,  of  Italy. 

In  1847  Bertani  and  Milani  first  treated  varicose  veins  by  galvano- 
puncture.  In  the  same  year  Crussel  published  his  method  of  treating 
ulcers  by  availing  himself  of  the  electrolytic  powers  of  the  galvanic  cur- 

*  Erichscn*s  Surgery,  p.  513. 

f  FrommhoLd^  Elect  rot  her  apic  mit  besonderer  Riicksicht  auf  N^ven-Krankhdteti, 
Pest,  1S65,  p.  104, 

The  first  experiments  witli  electrolysis  were  nude  much  earlier  thsn  this;  utket, 
according  lo  Brenner,  Moiigiardini  and  Lando  had  used  a  needle-shaped  electrode 
connected  with  the  negative  pole  (probably  of  a  voltaic  pile,  which  was  then  just  com* 
m^  into  notice),  for  the  treatment  of  gangrene.  Df/l*  appikaMii^nt  del  G^iv^mtmt 
alia  mtdkina^  Cingva^  1S03, 
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rent  This  author  observed  that  when  two  raetallic  plates  aie  con- 
nected T^nth  the  poles  of  a  galvanic  apparatus,  and  applied  to  the  body, 
very  difiTerent  effects  were  produced  at  the  two  poles — ^the  positive  act- 
ing like  an  acid,  and  making  harder  the  tissue ;  the  negative  like  an 
alkali,  and  causing  an  increase  of  fluid.  On  the  strength  of  this  ob- 
servation, Crussel  treated  ulcers  and  cancers  by  a  flow  connected  with 
the  positive  pole  of  the  apparatus,  while  the  negative  was  in  the  hand 
of  the  patient.  The  result  of  this  treatment  was  to  cause  a  scab  to 
form,  which  fell  off,  leaving  the  sore  smaller  and  more  healthful  in  ap- 
pearance.    Repeated  treatment  of  tliis  kind  wrought  cures. 

In  the  same  and  the  following  year,  Cmssel  formally  called  the  at- 
tention of  the  profession  to  **  the  electrolytic  method  of  cure/*  *  For 
the  treatment  of  strictures  another  method  was  subsequently  inves- 
tigated  by  WiJlebrand,  Wells,  Ciniselli,  and  has  recently  been  revised 
by  ScoiUeten,  Mallez,  Tripier,  and  others.  In  1850  Marshall  sug- 
gested and  successfully  employed  the  galvano-cautery  in  the  treatment 
offistulas- 

In  1852  Baumgarten  and  Wertheimer,  with  the  co-operation  of  Mai- 
gaignc,  successfully  operated  on  an  aggravated  case  of  varicose  veins  in 
the  arm. 

In  1852,  also,  Cinisellijf  who  still  cultivates  with  distinguished  suc- 
cess the  department  of  electrolysis,  first  established  by  experiment  that 
the  alkalies  appear  ai  tlu  negative^  and  the  acids  at  the  positive  pole. 
His  method  of  demonstration  was  to  lay  a  piece  of  flesh  across  the 
edges  of  two  vessels  filled  with  distilled  water,  and  alternately  con- 
necting each  of  the  vessels  with  a  pole.  The  acids  were  found  m 
the  vessel  containing  the  positive  pole,  and  the  alkalies  in  the  ves- 
sel containing  the  negative.  The  piece  of  ticsh  was  shrunken  and 
burned.J 

In  1855  Ellis  first  used  the  heated  platinum  wire  for  cauterization 
of  the  cervix  in  inflammations  and  ulcerations.  In  this  same  year 
Hall  sucessfully  treated  a  case  of  ununited  fracture  by  galvanopunc- 
ture. 

A  great  and  important  impulse  was  given  to  galvano-cautery  by 
Middeldorpff»  who,  in  i  S54,  published  his  celebrated  work  on  the  subject.  [ 


•  Die  Elect rolytisclic  Heilmethode.     Neuc  Med.-Clim   Zeitung,    1847,   No.   7, 
Med.  ZeUung  Russlands,  1847  and  1848.     Quoted  by  Meyer,  op,  ciU,  p.  474. 

\  Dell*  axione  chiniica,  deir  electricita,  Cremona,  1852. 

%  Brenner,  Untersiichungen  und  Beobnchlungeo  atif  dem  Gebictc  der  Elektrotlicr 
Spie,  Bd.  iL,  p.  S65, 

I  TlicGaivano.CauE':ic,  Breslau,  1854. 
43 
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In  1 85 5  Demarquay  removed  a  swelling  of  the  submaxilIaTy  \ 
by  galvano  puncture.  In  the  sanie  year,  Vergn^s  and  Poey  publUhcd 
their  experimenis  on  the  removal  of  poisonous  metals  from  the  body  by 
the  electro-chemical  bath. 

In  1856  Boulu  caused  resolution  of  tumors  in  a  number  of  cases  by 
magneto -electricity,  applied  by  means  of  metallic  disks.     Two  cases  of  1 
swelling  of  the  parotid  gland  were  in  this  way  entirely  cured.     In  th 
same  year  Meding  extracted  mercijry  from  a  patient  who  had  long 
suffered  from  mercurial  poisoning,  by  means  of  the  electro-chemic 
bath. 

In  1858  and   1S59  Zsigmondi  published  the  result  of  his  sue 
experience  with  galvano-cautery  after  the  system  of  Middeldorpft     h 
1859,  ^^^1  Delstanche»  Lehman n,  Burdel,  and  Thevisscn  reported  1 
r esses  in  the  treatment  of  hydrocele  hy  farada-puncture* 

In  186 1  Braun  and  Von  Gruencwald  introduced  the  galvano-cauteri 
into  gynaecology,  where  it  has  since  been  employed  for  the  removal  of  ] 
polypi,  excision  of  the  cervix,  and  so  forth, 

Bo'h  in  the  extent  and  the  variety  of  his  operations  in  this  depart- 
ment Middeldorpff  far  surpassed  all  his  predecessors.  He  devised  i 
powerful,  though  somewhat  bulky  apparatus,  as  well  as  various  burners 
and  loops  for  operating  on  different  parts  and  organs  of  the  body. 

In  1867  Althaus*  revived  the  attention  of  surgeons  to  the  surgical 
powers  of  electricity,  by  reports  of  successful  experiments  in  the  treat- 
ment of  naevi  and  tumors  of  various  kinds  by  electrolyzation. 

During  the  i>ast  five  years  extensive  researches  have  been  made  in 
nearly  all  the  prominent  departments  of  Electro-Surgerj^  by^  the  anthon 
of  the  present  treatise,  f  The  results  of  the  researches  are  recorded  m 
this  section.  Expt;riinents  made  in  those  departments  of  Electro- Phy- 
siology bearing  on  Electro-Surgery  have  already  been  recorded  in  the 
section  on  Electro-Physiology.  During  the  same  period  the  various 
departments  of  Electro- Snrgery  have  been  studied  by  Althaus,  Von 
Bruns,  Byrne,  Groh,  Neftel,  Duncan,  Newman,  VoUolini,  Cald^rell, 
Prince,  ourselves  f  and  others. 

Surgical  compared  with  Medical  Electricity, — In  comparing  this  his- 
tory of  surgical  with  that  of  medical  electricity,  we  observe  a  number 
of  interesting  poii  ts  both  of  similarity  and  of  contrast.  Surgical  >« 
much  younger  than  medical  electririty,  dating,  as  we  have  seen,  froc» 
1825.  In  neither  department  has  the  progress  been  uniform  or  consistent, 

*  Tumors  and  otlicr  Surgical  Diseases.      1867. 

t  Clmical  Researches  in  Electro-Surgery.  By  A.  D.  Rockwell,  A.M.,  M.D  ,  jdJ 
George  M.  Beard,  A.M.,  M.D.     William  Wood  &  Co.     1S7J, 
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Eras  of  extravagant  expectation  have  been  followed  by  eras  of  indif* 
fcrence,  although  with  surgical  electricity  the  contrast  has  been  much 
less  marked  than  with  medical.  The  interest  that  was  aroused  by 
the  introduction  of  electro-puncture  in  1825,  of  electrolysis  and  gal- 
vano-cautery  in  1846-47,  was  followed  by  a  reaction  of  neglect  thai 
allowed  the  whole  subject  to  sink  into  nearly  absolute  forgetfulness. 
The  progress  of  surgical  even  more  than  of  medical  electricity  has  l>een 
impeded  by  want  of  convenient  and  reliable  apparatus,  and  by  this  dif- 
ficulty is  explained  ihe  fact  that  so  few  workers  have  entered  this  most 
promising  field.  While  the  number  of  experimenters  in  medical  elec- 
tricity, both  in  the  profession  and  out  of  it,  and  in  various  countries,  is 
very  large,  including  very  many  of  the  ablest  writers  of  modern  medical 
literature,  the  practice  of  distinctly  surgical  electricity  has  been  con- 
fined to  a  few,  and  the  authors  by  whom  it  has  been  really  advanced 
could  be  counted  on  one's  fingers. 

I  Surgical,  nnlike  medical  electricity,  has  been  studied  and  pursued 
mainly  by  men  of  science,  and  the  progress  that  has  been  made  in  it 
has  been  much  more  frequently  the  direct  result  of  scientific  observa- 
tion and  experiment.  Those  physicians  who  have  made  eras  in  medi* 
cal  electricity  have  done  so  by  improving,  developing,  systematizing, 
and  introducing  to  the  profession  meihod^i  of  treatment  which  either  by 
charlatans  or  others  had  been  substantially  knosvn  and  practised  before 
them.  Sarlandtere,  Stenheil,  H eider,  and  Crussel,  on  the  contrary, 
first  suggested  and  employed  as  well  as  introduced  to  the  profession 
clectropuncture,  gal  van  o  cautery,  and  electrolysis. 

Another  important  distinction  is  this,  that  nearly  all  the  surgical  dis- 
eases for  which  electricity  is  employed  have  been  treated  with  more  or 
less  success  by  other  hiethods,  while  in  many  of  the  medical  diseases  in 
which  electrization  has  been  most  successful  it  has  been  the  chief,  and 
in  some  the  only  dependence. 

Finally,  it  should  not  be  forgotten  that  the  surgical  successes 
achieved  by  electricity  have  been  of  great  service  to  electro- iherapew- 

r  tics  in  general.  A  surgical  operation  appeals  to  the  eye  and  to 
mechanical  skill,  while  medicine  appeals  more  to  the  higher  and  rarer 
qualities  of  reason  and  imagination.     Many  who  fail  to  comprehend  a 

b  complex  medical  fact  or  principle  may  be  fascinated  and  carried  to  en- 

'  thusiasm  by  whatever  strikes  the  senses.  Hence  we  find  that  the  sug- 
gestion of  electro-puncture  in  1825  revived  an  interest  in  electricity 
that  its  purely  medical  applications  failed  to  sustain,  and  from  thai 
time  to  the  present  the  fortunate  operations  of  galvano-cautery  and 
electrolysis  have  aroused  the  attention  of  many  who  had  no  faith  in 


and  no  comprehension  of  tJie  remarkable  powers  of  electricity  oiro 
nutrition. 

Temperament  of  fhe  Patient  less  important  in  Surgical  than  in  Med^^ 
cal  Electricity, — In  medical  electricity,  as  we  have  seen,  the  results 
treatment  largely  depend  on  the  temperament.     Some  can  bear  ahm 
any  amount  of  electrical  treatment,  others  can  bear  but  a  b'ttlc,  a; 
others  still  can  bear  none  at  all  (see  p,  254).     We  have  seen  in  the 
chapter  on  Hysteria  and  allied  Affections  that  symptoms  for  whii 
electricity  is  peculiarly  adapted,  and  over  which  its  greatest  victories 
obtained*  sometimes  refuse  to  yield  and  are  indeed  aggravated  when 
form  of  electricity  is  used  by  any  mode  of  application,  for  the  rca 
that  the  temperament  of  the  patient  contra-indicates  electricity,     T 
peraments  that  will  not  bear  electricity  at  all  or  but  Utile  arc  qui 
frequently  founds  especially  among  the  better  classes.     In  surgical 
eases  that  are  treated  by  distinctively  surgical  applications  of  cleci 
ly  the  temperament  need  not  usually  be  taken  into  accounL     Elcc 
surgical  operations  are  of  a  thermal  or  chemical  character,  and  are 
dependent  for  their  success  on  the  idiosjTicrasy  of  the  patient.     Wt 
have  seen,  furthermore,  that  the  electro-susceptibility  of  patients 
appear  either  in  the  form  of  farado  susceptibility  or  galvano-susd 
bility — some  who  can  bear  and  be  benefited  by  the  faradic  currci 
cannot  bear  the  galvanic,  and  vice  versa.   In  electro-surgical  operaii* 
the  possibility  of  these  special  idiosyncrasies  need  not  be  considcri 
It  is  true  that  patients  behave  very  differently  after  electro-surgi( 
operations,  that  some  suffer  from  irritative  fever  and  others  do  not, 
and  these  differences  of  eflfect  may  very  likely  be  due  to  differcocei 
of  electro-susceptibility,  but  such  differences  are  tot  usually  of  sofi 
riently  serious  importance  to  require  consideration. 
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The  definition  and  derivation  of  electrolysis,  as  well  as  its  general 
laws  and  phenomena^  have  already  been  given  (see  Electro- Physics, 
Chapter  IV.),  Its  physiological  relations  have  also  been  presented  in 
considerable  detail  (see  Electro- Physiology,  p.  91).  It  remains  for 
us  here  to  speak  only  of  electrolysis  in  its  surgical  relations,  and  to 
describe  the  niles  and  methods  of  the  various  operations  in  which  it  has 
been  found  of  service.  Electrolysis  in  surgery  is,  however,  so  closely 
dependent  on  electrolysis  in  physics  and  physiology,  that  no  one  can 
intelligently  utilize  and  explain  it  in  operative  procedures  who  does 
not  also  understand  its  physical  and  physiological  relations. 

The  term  electrolysis  is  a  general  one,  and  signifies  decomposition 
by  electricity.  As  such  it  applies  to  the  electrical  decomposition  of  in- 
organic as  well  as  organic  substances,  and  of  animal  tissues,  whether  in 
health  or  in  disease,  living  or  dead*  Practically,  however,  the  term  is 
DOW  pretty  well  restricted,  in  electro-therapeutical  language,  to  the 
electrical  decomposition  of  morbid  growths,  or  to  parts  affected  by 
cluonic  inflammation,  by  means  of  some  form  of  needle  electrodes,  and 
although  more  or  less  electrolytic  action  takes  place  in  all  applications 
of  the  galvanic  current  externLilly  or  internally,  yet  the  term,  when  ap- 
plied to  any  electrical  operation,  is  understood  to  imply  that  elect ro- 
j  lytic  action  was  the  leading  effect  sought  for,  and  that  it  was  obtained 
by  needles,  or  at  least  by  some  form  of  metallic  electrode  more  or  less 
pointed  at  the  extrenu*ty. 

On  the  other  hand,  when  electrodes  with  very  large  surface  are  used, 
i^nth  a  view  to  chemical  effect,  and  the  transfer  of  fluids  with  absorption, 
the  process  is  called  catalysis.  Catalysis  depends  in  part,  at  least,  on 
electrolysis,  and  the  distinction  between  the  terms,  which  has  been  ob- 
served by  electro^herapeutists  is  i^ractical  rather  than  scientific. 

Theory  of  Electrolysis  of  Morbid  Living  Tissue—For  electrolysis, 
living  as  compared  with  dead  tissue  has  the  twofold  advantage  that  its 
solutions  are  warmer  and  therefore  better  conductors,  and  that  it  if 
capable  of  the  processes  of  absoriition. 
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When  needles  connected  with  the  poles  of  a  galvanic  battciy  ai* 
inserted  into  a  tumor,  a  threefold  action  is  produced. 

1.  Decamposition  of  its  fluid  Constituents, — ^Hydrogen  and  alkalies 
soda,  potassa,  etc.,  go  to  the  negative,  and  oxygen  and  acids  to  Ui< 
positive.  The  special  character  of  these  electrolytic  phenomena  wilt 
depend  on  the  character  of  the  tumor,  and  the  rapidity  of  the  action 
will  be  i)roportioned  to  the  relative  amount  of  its  fluid  consiituenrs.  As 
the  body  is  mostly  composed  of  water  holding  salts  of  potash,  soda,  etc, 
in  solution,  it  is  a  good  electrolyte,  and  in  most  of  the  conditions  uf  dii 
case  undergoes  rapid  decomposition-  Scirrhus  and  fibroids,  when  h&rj 
and  firm,  require  considerable  strength  of  current,  and  are  clectrolyied 
with  comparative  slowness.  Erectile  tumors,  which  are  almost  entirely 
of  i^uid  composition,  can  be  electrolyzed  very  rapidly.  Although  dec* 
trolyttc  action  takes  place  at  both  yo\^%  when  inserted  in  tumors,  ii 
when  inserted  in  inorganic  substances,  yet  this  action  on  the  whole  ap- 
pears to  be  the  more  vigorous  and  more  effective  for  causing  absorption 
and  disintegration  at  the  negative  pole,  and  in  practice  this  polci 
usually  found  to  be  the  more  efficacious,  although  successful  results  lit 
obtained  by  the  positive  pole  or  by  both  combined.  EpithelioraJ, 
being  largely  composed  of  water,  also  decompose  rapidly. 

Reasoning  from  what  we  know  of  the  electrolysis  q{  inorganic  sah* 
stances,  it  is  proper  to  assume  that  in  the  electrolysis  of  a  malignani 
tumor,  for  example,  the  many  chemical  substances  of  which  it  is  com- 
posed undergo  manifold  combinations  and  recombinations,  the  predse 
nature  of  which  cannot  well  be  fully  divined,  and  the  practical  cffed 
of  which  in  causing  discussion  of  the  tumor  can  only  be  determined  In 
extended  cHnical  experience, 

2.  Absorption. — Absorption  may  be  hastened  both  by  the  chtimsal 
changes  that  take  place,  and  also  by  the  mechanically  irritating  effeci 
of  the  needles  and  the  transference  of  the  anions  and  cations^  Thb 
absorption  takes  place  both  during  and  after  tlie  trcatnienL  In  focw 
cases  it  is  not  at  all  observed  during  the  operation,  but  goes  on  slowhf 
for  weeks  following.  Stimulation  of  absorption  is  especially  maiicd 
when  electricity  acts  on  hydrocele  and  cystic  tumors. 

3.  Disintegration  and  Atrophy, — As  a  result  of  the  decompositicw 
and  absorption,  and  associated  with  thein,  the  tissues  become  drie4 
separated,  shrivelled,  and  the  tumor  decreases  in  bulk  and  may  entirdf 
disappear.  All  these  processes,  or  rather  the  effects  of  these  proc^ssd* 
may  be  distinctly  observed  during  the  electrolysis  of  any  small  irefli 
mole,  n^evus,  or  wart,  both  during  and  after  the  operation.  Shcjrt^f 
after  the  needle  is  inserted,  tlie  growth  will  be  seen  to  change  in  ooto; 
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the  skin  soon  begins  to  shrivel  and  contract,  like  an  apple  when  it  is 
baking.  The  next  day  the  growth  will  be  still  smalier,  and  perhapa 
nearly  or  entirely  obliterated. 

Apparatus  for  Electrolysis, — ^Electrolytic  action  is  chiefly  obtained 
by  the  galvanic  current^  although  there  is  little  question  that  the  faradic 
current  (both  the  electro-niagiietic  and  magneto-electric)  has  more  oj 
less  electrolytic  power,  and  the  magneto-electric  current  has  been  used 
in  electro- pi  a  ting. 

The  inagneto-electric  rotary  machine,  as  constructed  by  Saxton  or 
Stohrer,  is  capable  of  producing  electrolysis.*     It  has,  however,  for 
biis  purpose,  in  therapeutics  at  least,  no  advantage,  and  decided  disad- 
vantages as  compared  with  the  galvanic  current. 

//  has  been  shown  thai  for  the  purposes  of  galvano -cautery  quantity 

with  moderate  tension   was  retjuired^  and  that  this  was  obtained  by  a 

^£cw  large  elements  ;  for  the  purposes  of  electrolysis  tension  with  mod- 

Wtaie  or  fair  quantity  is  required^  such  as  is  obtained  by  a  considerable 

number  of  elements  of  medium  size  (see  chapter  on  Ohm's  Law  in 

Electro-Physics,  p.  66), 

Any  of  the  galvanic  batteries  described  in  the  chapter  on  apparatus, 
can  be  used  for  electrolysis.     The  zinc-carbon  batteries  are  the  best 
for  the  purposes  of  electrolysis,  bat  with  the  cabinet  battery  and  with 
most  of  the  combinations  and  modifications  of  Daniell's  cells,  the  elec- 
trolytic action  is  comparatively  feeble,  and  only  answers  for  trifling  oper- 
ations.    Deficiency  in  electrolytic  power  in  a  battery  may  to  a  certain 
extent  be  compensated  by  protracted  applications. 
■     Methods  of  Testing  the  Electrolytic  Batteries, — Batteries  may  be  ap- 
MTOximately  tested  with  a  view  to  ascertaining  their  comparative  advan- 
Blges  for  electrolytic  operation,  by  the  amount  of  deflection  they  cause 
^o  the  needle  of  the  galvanometer  of  known  construction  (p.  40) ;  by 
the  rapidity  and  amount  of  decomposition  which  they  cause  in  simple 
compounds,  such  as  acidulated  water,  iodide  of  potassium,  or  common 
salt,  and  by  their  capacity  for  heating  ))lalinum  wire  (p.  71). 

An  approximate  test  for  the  qualities  that  are  needed  in  electrolytic 

operations  is  found  in  the  decomposition  of  iodide  of  potassium.     The 

rapMity  with  which  this  yields  to  the  current  of  a  battery,  and  the 

^^lotinl  of  iodine  evolved  in  a  given   time,  ver}'  fairly  indicates   the 

Capacity  of  that  battery  for  electrolytic  purposes,  f 

•  Sec  Frommliold's  Electrotherapie  mit  besonderer  Riicksiclit  auf  Nerve n-Krank* 
kdten.     Pest,  1865,  p.  104. 

f  In  experimenting  with  galvrtnk  hatteries  care  must  he  taken  to  avoid  fjcfjucnt  01 
ton^-cuntinucd  coimccticui  of  the  m^idiik  porticns  of  die  electrodes,  since,  on  accouiil 


AVedies. — For  producing  electrolysis  in  tissues  beneath  the  skin 
tine  needles  of  gold  or  gilded  steel  are  used-  The  advantage  of  ihc 
gold  is  that  it  resists  oxidation  better  than  any  other  metal.  Gold 
or  gilded  needles  can,  however,  be  used  only  with  die  negative  pole, 
since  with  the  positive  they  would  be  acted  on.  The  conductors 
may  be  com^josed  of  two,  four,  six,  eight,  or  more  needles.  Tlic 
needles  may  be  insulated  with  hard  rubber,  or  collodion,  or  shellac, 
for  about  one-third  of  their  length,  so  that  when  introduced  into  a 
tumor  the  skin  may  not  be  acted  on  and  inEammatioti  excited.  In- 
sulation, however,  is  only  necessary  in  those  cases  where,  as  in  sub- 
cutaneous nosvi,  it  is  desirable  tliat  the  skin  should  not  be  affected 
by  the  current. 

The  shape  of  the  point  is  of  considerable  importance.  Round 
needles  are  introduced  with  difficulty.  The  bayonet-pointed  needles 
are  preferable.  The  common  glover's  needle,  as  sold  in  the  fajscy 
stores,  we  have  found  to  be  easier  of  introduction  than  any  othef 
form* 

AUhaus  has  employed  a  conductor-^  a  modification  of  which  is  repre- 
sented in  the  following  cut : 


Fic  137. 

Conductor  for  Electrolysis. 

This  consists  of  a  conducting  wire,  composed  of  a  number  of  smalK^^all 
wires  twisted,  with  a  number  of  branches,  each  one  of  which  is  s<^  ^s=*5o 
arranged  that  it  can  be  attached  to  a  needle  after  it  hasbeenintroducct^^=^^ 
into  the  part  to  be  treated. 

The  advantages  of  this   arrangement  arc  that  one  needle  or  mor^^*^^ 
can  be  used,  and  that  the  number  can  at  pleasure  be  increased  ot^ 
diminished  during  the  operation,  and  that  the   needles  can  be  inti 

of  the  fecb!e  resistance  thus  ofTeretJ— metals  being  fiir  better  conductors  than  ibe  \\ 
man  IxKly — ^powerful  action  takes  plsice  In  the  cells  (as  b  shoMm  by  the  active  erol 
tion  of  gases^  attended  mth  a  boiling  or  hissing  sound),  which^  if  allowed  to  contici 
tttii  h&la  in  attii  rabidly  ca$uum€S  tk£  tine. 


Bayonet- pointed  Needles  for  Electrolysis, 
U»ub.ted  and  non^bsulatcd  (Kidder J. 


Rockwell's  Long  Needle 
tor  Electrolysis  of  Utcrua 
through  the  Vagina  or  the 
WoOs  of  the  Abdomen. 
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Ficxibie  Copper  Wire  for  Conflicting  tlie  Needles  in  Electroi^tk 
Operations. — These  needles  are  attached  to  connecting  wiies  by  fine 
flexible  copper  wire.  Wire  of  this  kind,  it  may  be  remarked,  is  a  owst 
convenient  and  almost  necessary  adjunct  to  an  electrolytic  case^  ind  to 
the  operating-room  of  the  electro- therapeutist.     It  b  useful  for  many 


8 


FiQ.  140. 

Needlei  for  Electrol>sLs,  witlj  Rock» 

weirs  Needle- Holders. 


1^     ^P  O^* 


Fro,  nx, 

Beafd's  Long  Cuttbg  Needles  Ibr 
Elect  rol)^  of  tlic  Ba^sc. 
(Tiemann  and  Galvano-Faradic  Mfg,  Cc 


purposes  of  connection,  and  when  thumb-screws  are  out  of  order 
broken  off  it  very  well  su[>plies  their  place, 

Dr,  Murray,  of  this  city,  has  employed   needles  insulated  at 
ends,  leaving  an  uninsulated  portion  in   the  middle.     He  uses  ihi 
needles  in  the  treatment  of  hydrocele  and  cjstic  tumors.     They 
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introduced  so  that  the  insulated  portion  is  on  the  skin,  and  the  unin* 
sulated  portion  within  the  tiimon 

Method  of  Introducing  the  Nfedies.—Th^  skin  in  some  parts  of 
the  body  is  quite  tough,  and  needles  go  in  with  much  greater  diffi- 
culty than  one  might  suppose.  The  method  of  introducing  a  hypo- 
dermic syringe  is  the  best  method  of  introducing  needles  for  electro- 
lysis. The  skin  may  be  pinched  up  and  kept  tense  with  the  left 
hand,  while  the  right  pushes  in  the  needles  the  required  depth.  If 
it  is  impossible  or  merely  difficult  to  push  the  needles  in  as  far  as  is 
needed,  it  is  better  to  let  on  the  current,  and  allow  a  little  electro- 
lytic action  to  take  place  around  the  needle.  This  will  loosen  it  at 
the  negative  pole  (though  at  the  positive  it  will  have  the  opposite 
effect,  and  bind  it  close  and  firm).  The  negative  needle  thus  loosened 
can  easily  be  pushed  further  in. 

The  pain  attendant  on  the  introduction  of  the  needles  is,  of  course, 
best  combated  by  full  anaesthesia  or  by  ether  spray ;  but  there  are 
many  cases  where  anaesthetics  are  hardly  required^  where  ether  spray 
cannot  be  conveniently  used,  and  where  it  is  desirable  to  diminish  in 
some  way  the  pain,  A  mixture  of  ether  and  carbolic  acid  in  equal  parts, 
tirst  suggested  to  us  by  Dr,  Sterlings  has  a  positively  benumbing  effect 
on  the  part  to  which  it  is  applied.  The  mixture  can  be  localized 
to  a  very  small  spot,  and  the  benumbing  effect  begins  to  be  felt  in  less 
than  five  minutes,  and  lasts  for  fifteen  or  twenty  minutes,  varying  with 
the  amount  used*  It  turns  the  skin  a  little  white.  The  disadvan- 
tage in  its  use  is  that  it  sometimes  makes  a  slight  sore  afterward. 

The  benumbing  infiuence  of  the  faradic  current  may  be  utilized  for 
this  purpose  (see  Electro-Anaesthesia), 

Electroiyzing  the  Base, — During  the  past  three  years  we  have  been 
treating  malignant  tumors  of  various  kinds  by  a  method  of  electrolysis 
which  Dr.  Beard  has  termed  working  up  the  dose,  or  electrolysis  of  the 
base. 

The  ordinary  method  of  electrolysis  does  not  suffice  for  malignant 
tumors.  It  will  relieve  the  pain,  but  relief  of  pain  can  be  obtained  by 
fimple  external  galvanization  without  any  needles.  It  will  cause  a 
certain  reduction  in  size,  but  this  reduction  is  almost  always  limited, 
rarely  exceeding  ten  or  twenty-five  per  cent.  In  some  cases,  not  the 
slightest  perceptible  reduction  is  caused^  even  by  the  most  persevering 
use  of  electrolysis.  When  powerful  currents  are  used,  there  must,  of 
course^  result  more  or  less  destruction  of  tissue  near  the  point  where 
the  needles  are  inserted,  and  by  successive  operations  the  entire  growth 
tnay  be  broken  down,  or  may  slough  away  after  the  operations  are  dis- 
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continued,  and  it  is  possible  to  extend  the  operations  far  into  the  bt 
and  surrounding  tissues.  Some  of  our  first  cases  were  treated  in  tl 
way  ;  but  it  is  to  the  last  degree  awkward,  tedious,  and  involves  igjre 
waste  of  time  and  force. 

Method  of  Operating  by  EUdrolyds  of  the  Base. — The  patient  mos 
first  be  fully  etherized.  The  method  of  operating  on  a  small  tumor 
to  first  insert  the  needle  connected  with  the  positive  pole  undemcid 
the  tumor  and  near  the  border.  A  similar  needle  connected  with  tbi 
negative  pole  is  inserted  also  underneath  the  tumor,  and,  if  possible,  li 
some  distance  below  the  base  of  the  growth,  so  that  the  point  cniergd 
on  the  opposite  side.  The  current  is  now  gradually  let  on,  and  th< 
strength  increased  until  the  electrolysis  becomes  activci  as  will  be  in 
dicated  by  the  yellowish  foam  that  appears  at  the  negative  pole,  grad* 
ally  loosening  the  needle.  As  the  action  ijicreases,  the  negatm 
pole  may  be  slowly  worked  from  side  to  side,  with  a  slight  cutting 
tion,  so  as  to  undermine  the  tumor.  The  positive  meanwhile  remain 
in  situ  ;  it  becomes  firmly  adherent  through  oxidation,  and  need 
be  removed  until  the  close  of  the  operation. 


Fta.  142. 

Electrolysis  of  the  bftse  in  a  case  of  scin-has  of  the  breast  targe  and  lone  1 
tiTc  needle  maiiipulated  by  the  operator  in  the  healthy  tissue,  some  distance  ftjatk 
bonier  of  the  tumor.  Connection  made  by  ordinary  positive  needle  inserted  oc^rtl 
base  of  the  tumor« 

After  the  tumor  falls  off,  through  the  underminmg  of  its  base,  th 
base  itself  can  be  worked  up  in  all  du^cctions  with  the  needleSi 
with  the  harrow  electrode  that  we  have  devised  for  this  purport 
Afler  the  removal  of  the  growth,  it  is  well  to  change  the  position  of  th 
poles  in  working  up  the  base,  so  that  all  parts  of  the  surfiice 
get  the  benefit  of  the  action  peculiar  to  both  poles. 


INSTRUMENTS   USED   IN  ELECTROLYSIS  OF  THE  BASE.  66g 

If  the  himor  is  a  large  one,  as  an  extensive  epithelioma^  or  scirrhus, 
is  better  to  have  it  first  removed  by  the  knife.     The  base  can  then 

be  worked  up  in  the  manner  just  described. 

The  cavity  after  the  operation  has  a  charred  appearance  and  alarms 

the  patient  and  his  friends  unless  they  are  forewarned. 


■/ 


Electrolysis  of  the  base  of  a  scirrhus  of  the  breast  after  removal  of  tbe  tumor  by  the 
I  knife.  Harrow  electrode  connected  with  the  negative  pole  and  long  cutting  needle 
^^bith  the  positive  pole. 

^B   The  time  required  in  an  operation  of  this  kind  ranges  between  ten 

^^liinutes  to  a  half  or  three-quarters  of  an  hour.     Some  swelling  and 

oedema  in  the  surrounding  tissues  follow  the  operation,  but  little  or  no 

pain,  although  the  charred  appearance  of  the  cavity  that  has  been  thor- 

Iaughly  electrolyzed  is  sometimes  quite  formidable^ 
I  Instruments  Required. — ^For  this  method  of  working  up  the  base  Dr. 
Beard  has  devised  needles,  or  electrodes,  that  are  quite  different  from 
bio^e  employed  in  the  ordinar}-  method  of  electrolysis.  The  needles 
pre  long,  spear  shaped^  double-edged,  and  tolerably  sharp,  so  Ihat  a  slight 
cutting  action  may  be  combined  with  ihe  purely  electrolytic  action. 
^T'hese  needles  are  not  insulated,  except  in  that  portion  that  is  grasped 
^■hr  the  hand  in  operating.  In  nearly  all  of  these  operations  we  have 
^Ased  the  zinc-carbon  batteries  of  sixteen  or  thirty-two  cells,  and  usually 
^Hbose  of  the  Galvano-Faradic  Manufacturing  Company ;  and  when  a 
^Hpod  deal  of  work  is  to  be  done  in  a  short  time,  as  in  important  electro- 
^^ytic  operations,  no  batteries  are  better  than  tliese.  The  various  mod 
ifications  of  Daniell  cells^  which  are  so  excellent  in  central  galvaniza- 
>n,  are  not  well  adapted  for  powerful  electrolysis. 
7*heory  of  the  Methods — The  most  recent  pathological  investigation! 
ecro  to  point  pretty  clearly  to  the  view  that  cancer,  whatever  the  dia- 
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thesis  may  be,  is  a  local  disease,  and  affects  the  adjacent  parts  at 
general  system  by  actual  transfer  of  the  cancer-cells.* 

If  we  accept  these  views  we  must  also  accept  the  view  that  canitr 
whatrifer  constituii&nal  treatment  we  adapts  should  be  treated  locaiiy^ 
and  by  some  method  of  local  treatment  that  acts  not  only  on  the  body  of 
the  tumor y  but  also  and  especially  on  the  surrounding  tissue,  and  that  the 
earlier  such  treatment  is  used  the  better  the  prognosis,  _ 

When  we  remove  the  tumor  and  close  up  the  wound,  we  leave  thefl 
areola  mostly  yntouched,  and  shut  up  the  cancer  cells  in  a  soil  best  of  all 
adapted  to  nourish  them.     Hence  we  need  not  wonder  that  the  disease 
recurs  either  immediately  in  or  near  the  place  of  removal,  or  ihit  the 
cells  wander  to  some  distant  part  where  another  tumor  appears  after  ■ 
months  or  years.  f 

The  morbid  or  semi- morbid  tissues  that  surround  malignant  tumors 
have  been  treated  in  various  ways  by  caustics,  in  substance^  by  caustic 
needles,  and  by  the  actual  and  galvano- cautery.  So  far  as  we  r inleain 
from  the  experience  of  surgeons  who  have  faithfully  tried  any  or  rnraU 
of  these  methods,  the  results  are  more  satisfactory  than  the  rcH*s  of 
ordinary  treatment  by  the  knife  or  ligature. 

The  theoretical  arguments  that  electrolysis  of  the  base  would  pro- 
duce more  radical  results  than  the  use  of  caustics  are  based  necessa*tl]f 
on  our  ideas  of  the  nature  of  the  electric  force  and  of  the  procei*  ^ 
electrolysis.     When  electrodes  connected  with  the  two  poles  of  a  gal- 
vanic battery  are  inserted  into  the  animal  tissue,  the  vibrations  of  th^  j 
ekctric  force  not  only  pass  between  the  electrodes,  but  extend  to  ^  ■ 
considerable  distance  in  all  directions  from  them,  and  much  furth^     i 
than  the  direct  effect  of  caustics  would  reach. 

Advantages  of  the  Method. — i.  Less  liability  to  recurrence  of  wiiH 
nant  tumors. 

We  have  kept  close  watch  of  a  majority  of  the  cases  that  have  beea 
treated  in  this  way  during  the  past  three  years.  In  the  list  of  cases  art 
found  several  epithelioma  of  the  lips  and  face,  and  one  case  ofroalignaii* 
cystic  of  the  neck.  But  one  of  the  cases  of  epithelioma  of  the  HpsMW' 
face  has  yet  recurrei  ;  although  the  time  that  has  elapsed  since  tb 
treatment  varies  all  the  way  between  three  years  and  four  inofll^ 
The  case  of  malignant  cystic  has  not  yet  recurred.     It  is  yet  too  earf} 

•  See  **  A  Lectttre  on  the  Structure  of  Cjincerous  Tumors,  luid  the  Mode  in  irfw^ 
Adjacent  Parts  are  ifivaded/*  by  Dr.  Woodward,  Assisliuit  Surgeon,  U.S^A*  Tte 
Toner  Lectures  of  the  Smithsonian  toslitate,  Washington,  November,  |87>  ^ 
also  the  recent  and  admirable  discussion  on  the  subject  by  Drs.  De  Morgan*  HottW'  | 
■on,  Paget,  and  others,  in  the  tancti  for  March  and  April,  1874, 
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to  arrange  any  statisiics  on  this  subject,  for,  as  every  surgeon  knowsi 
some  cases  of  epithelioma  are  permanently  cured  by  the  katfe,  and  theii 
prognosis  under  ordinary  surgical  treatment  is  better  than  that  of  scii^ 
rhus  of  the  breast,  or  indeed  scirrhus  anywhere. 

Some  hopeless  cases — notably  a  case  of  scirrhus  of  the  rectum,  and 
epithelioma  of  the  vagina — we  have  treated  by  this  method  in  order  to 
palliate  the  symptoms  and  prolong  life,  and  with  the  most  interesting  and 
fcmarkable  results.  Indeed,  we  have  been  as  much  encouraged  by  the 
palliative  effects  obtained  in  these  hopeless  forms  of  malignant  disease 
as  by  the  apparently  radical  cures  of  milder  cases. 

It  follows,  from  the  theoretical  considerations  above  given,  and  ex- 
perience confirms  this  view,  that  the  results  of  this  method  of  working 
wp  the  base  will  depend  entirely  on  the  thoroughness  with  which  the  op* 
gratian  is  performed.  If  the  base  be  but  half  electrolyzed,  if  patches 
of  morbid  tissue  be  allowed  to  remain,  then  there  will  be  a  recurrence, 
in  all  probability,  just  as  after  other  modes  of  operating. 

2,  Less  hemorrhage  than  other  methods  of  operating.  The  reason 
for  this  has  already  been  explained — electrolysis  coagulates  the  blood, 
constricts  the  tissues,  and  slightly  cauterizes  them.  Ordinary  paren* 
chymatous  hemorrhage  is  thus  controlled  in  the  most  satisfactory  man- 
ner, so  that  if  a  strong  current  is  used,  neither  sponges  nor  styptics  arc 
required. 

3»  Less  liability  to  shock.  We  form  this  judgment  from  jjrotracted 
operations  made  on  patients  in  various  stages  of  debility,  and  in  the 
extremes  of  life,  infancy  and  old  age.  We  have  not  yet  seen  any 
effect  at  all  suggestive  of  shock,  after  very  long  sittings  under  strong 
currents,  even  where  sensitive  localities  were  operated  on.  The 
electric  current  would  indeed  appear  to  be  one  of  the  very  best  anti' 
doies  to  shock,  and  for  a  long  time  it  has  been  known  and  used  as  a 
naeans  of  resuscitation, 

4*  It  is  followed  by  a  more  satisfactory  healing  than  other  operations. 
This  fact  has  been  observed  markedly  in  several  severe  and  hopeless 
cases,  and  has  attracted  the  attenlion  of  all  the  surgeons  who  have 
seen  the  cases. 

5.  There  is  reason  for  the  belief  that  the  future  will  show  that  septi- 
caemia and  pyaemia  are  less  likely  to  follow  electrolysis  than  other  surgi- 
cal operations.  It  is  more  than  probable  that  electrolvzation,  like 
cauterization,  constringes  the  absorbents  so  that  they  cannot  absorb 
pus. 

6.  To  all  these  facts  must  be  added  the  consideration  that  many 
l^ients  dread  the  knife — without  reason  it  may  be,  and  without  coin- 
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G^ivafW'Cautery.—Galvanc-cautery  is  cauterization  by  a  resisting 
mnre  heated  by  the  galvanic  current.  It  is  very  often  confounded  with 
electrolysis,  but  as  we  have  seen  electrolysis  is  the  decomposition  of  a 
compound  substance  by  means  of  electricity.  A  slight  cautertzing  ac- 
tion may  indeed  accompany  electrolytic  operations,  but  it  is  incidental 
merely,  and  is  not  a  part  of  the  electrolysis,  nor  the  end  desired. 

It  is  a  law  of  electricity  that  when  it  passes  through  a  resisting  wire 
it  raises  its  temperature  in  proportion  to  the  resistance  of  the  wire  and 
the  quantity  of  the  electricity  (see  Electo-Physics,  p.  80).  The  wire 
t/rus  heated  is  capable  of  producing  cauterizing  effects.  Platinum  offers 
a  greater  resistance  to  the  passage  of  the  electric  current  than  any 
other  metal  except  mercury  and  lead,  and  is  therefore  used  in  galvano- 
cautery.  It  will  be  seen  at  once  that  the  electricity  is  not  applied  to 
the  body,  as  in  the  various  forms  of  electrization,  but  only  the  wire 
heated  by  the  passage  of  the  current. 

Advantage  of  GnlvanoCautery  over  the  Actual  Cautery, — ^The  one 
'  great  advantage  of  the  galvano  cautery  over  the  actua!  cautery  is,  of 
course,  the  fact  that  the  heat  in  the  wire  connected  with  the  battery 
can  be  controlled  at  will  It  can  be  let  off  and  on,  increased  or  dimin- 
ished at  pleasure  and  instantaneously.  With  the  actual  cautery  such 
control  is  manifestly  impossible. 

Heat  is  heat,  however  obtained ;  and  the  heat  of  a  platinum  wire 
through  which  a  current  is  passing  has  probably  no  advantage  as  such 
over  the  heat  of  a  poker  that  has  been  thnist  into  the  coals.  The 
advantage  lies  simply  in  the  fact  that  in  the  one  case  the  heat  is  under 
Ihe  complete  control  of  the  operator  during  a  long  operation  if  neces- 
»ary ;  in  the  other  case  it  is  not  under  such  control. 

Apparatus  for  Galvano-Cautery, — Galvanocautery  operations  re- 
quire batteries  composed  of  a  few  large  cells.  Rarely  are  more  than 
eight  cells  used,  and  the  best  batteries  can  be  turned  into  one  or  two 
45 
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cells.  The  batteries  employed  in  electrolysis  or  in  ordinary  galvanixa 
lion  are  not  available  for  galvano-caotery^ — vice  versa,  galvano-cauter} 
batteries  are  of  but  little  use  in  electrolytic  operations  or  in  ortlinar) 
galvanization.  The  expla^nation  is  to  be  found  in  the  chapter  or 
Ohm's  Law  (see  Electro-Physics,  pp.  77^5)- 

There  has  been  great  practical  ilitlicuUy  in  obtaining  galvano-cauter) 
batteries  that  would  be  at  once  sufficiently  powerful  and  conveniently 
portable.  The  original  battery  of  Middeldorpff  was  extremely  heavy 
and  in  every  way  inconvenient,  though^  like  all  combu-iations  of  Grovc't 
cells,  it  was  very  powerful. 

During  the  past  decade,  and  notably  during  the  past  6ve  years,  the 
progress  iu   the  direction  of  portability  and   convenience  of  galvano- , 


Fig.  i4if. 
Byrne's  Multiple  Element  Battery  (SUepard  &  Oudtcy)* 

cautery  batteries  has  been  rapid  and  decided  In  this  department  n<^ 
one  has  labored  harder  or  more  successfully  than  Dr,  John  Byrne,  of 
Brooklyn,  N.  Y.     After  long  and  tedious  experimenting,  he  has  com* 
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pleted  a  galvano-cauter)-  battery  ihat  is  as  portable  and  easy  to  manage 
as  any  galvanic  battery  for  electrolysis  or  ordinary  galvanization. 
\  Batteries  that  are  non-portable»  or  at  least  not  easily  so,  are  also 
'  made  by  all  the  companies  that  manufacture  electrical  instnmients. 
Some  of  them  that  we  shall  describe  are  most  excellent  Those  who 
make  a  large  use  of  galvanocautery  will  probably  reciuire  two  kinds  ol 
batteries— portable  and  stationary-  just  as  they  require  portable  and 
stationary  faradic  and  galvanic  apparatus. 


^^^^  *'«r,.    J45.  |.,(;     n6. 

V  Fig.  145  represents  the  Piffard  galvano  cautery  hattery,  and  is  not 
only  reasonably  compact,  but  exceedingly  efficient.  The  box  contains 
six  cells  of  vulcanite  and  a  platform  of  !>ard  rubber,  to  which  are  fas- 
tened the  zinc  and  platinum  plates.  On  the  top  of  the  platform  are 
seven  conducting  posts,  six  connecting  screws,  and  a  handle  (used  in 
connection  with  the  long  arm)  for  holding  the  elements  when  not  in 
use  and  by  which  they  are  lowered  into,  or  taken  from  the  cells.  For 
the  purpose  of  agitating  the  fluid  and  increasing  the  cautery  power, 
there  are  pivots  on  each  side  of  the  platform,  by  means  of  which  the 
elements  are  readily  moved  with  a  rocking  motion.  The  box  enclosing 
the  cells  is  9  inches  long,  6^  inches  wide,  and  10  inches  high. 

One  of  the  most  successful  attempts  to  combine  a  suitable  degree  of 
strength  with  compactness  and   lightness  has,  perhaps,  been   made  by 

I  Kidder  in  the  battery  represented  by  Fig.  146.  It  is  composed  of  but 
two  hard  rubber  cells,  with  elements  of  zinc  and  carbon — each  cell 
nieasuring  3 J  inches  in  length,  2^  inches  in  width,  and  will  retain  a 
number  it;  ptatlnum  wire  at  a  white  heat  for  more  than  a  quarter  of  an 
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hour.  The  elements  are  uiadc  to  move  on  small  wheels  horizontally. 
Ill  their  relation  U)  the  fluid  in  the  cells.  This  ts  a  great  improvement 
on  ihe  old  method  of  blowing  with  an  air-bulb  for  the  purpose  of  pro* 
ducing  agitation  of  the  tiuid,  and  consequent  increase  of  current 
strength,  and  seems  to  us  to  more  thoroughly  displace  the  battery 
fluid  than  any  other  method.  For  very  prolonged  operations  this  little 
battery  is  hardly  sutiicient,  and  should  be  replaced  by  the  larger  form, 
consisting  of  four  cells, 

Byrnes  Multiple  Element  Ga ha hq- Cautery  Battery. — Byrne's  com- 
bination  of  zinc-carbon  elements  is  the  most  compact  and  portable  bat- 
tery  for  galvano-cautery  purposes  yet  constructed^  and  for  its  siic  has 
greater  heating  power  than  any  other.  This  battery,  in  its  latest  modi- 
location,  consists  of  zinc-carbon  cells,  in  a  case  six  inches  long,  nine 
inches  high,  and  five  inches  wide.  The  plates  of  each  cell  are  split  up 
into  a  number  of  smaller  plates,  all  of  which  are  contained  in  one  jar 
of  fluid,  and  are  connected  at  the  top.  By  this  arrangement  more  sur- 
face both  of  the  zinc  and  of  the  carbon  is  exposed  to  the  fluid  than 
when  the  plates  are  not  sn  subdivided.     Besides  this  arrangement  gives 
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Fig,  M7. 
Zinc-Cmrbon  Galvano-Cautery  Battery  (Gal vane*  Fi^ic  Mfg.  Co.)l 
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many  comers  and  angles  on  which  the  exciting  fluid  acts  with  greater 
vigor  than  on  smooth  surfaces. 

The  plates  are  very  near  to  each  other,  from  ^  to  ^  of  an  inch,  sc 
that  the  inlertial  resistance  of  the  battery  is  comparatively  small. 

The  arrangement  is  such  that  one  or  two  cells  can  be  used  as  may 
be  required.  The  heating  power  of  this  small,  light  battery,  is  quite 
remarkable,  and  is  indeed  sufficient  when  well  nurtured  for  a  very  large 
number  of  electro-surgical  operations. 

Dr.  Byrne*  says  that  he  has  found  by  experiment  that  greater  heat 
may  be  obtained  from  120  inches  of  surface  in  the  multiple  eleutent 
farm  (three  inches  by  6ve)  diau  from  3  78  inches  of  surface  with  rle« 


GatvafiO'Cautery  Battery  with  han<tle  and  wire-toop  (Ma)wr  ft  Meltier,  London). 

ments  four  times  the  size.  While  the  battery  made  of  large  elements 
would  bring  five  inches  of  platinum  wire  to  a  red  heat,  the  multiple 
element  battery  would  raise  the  same  wire  to  a  burning  white  heat 

•  Electro-Cautery  in  Uterine  Surgery,  p,  67* 
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Care  of  Galvano*Cautery  Batteries. — In  order  to  attain  the  niaxinmm 
of  power  from  galvano-cautery  batteries^  and  to  keep  them  in  good 
working  order,  much  more  care  is  necessary  than  id  the  case  of  ordinary 
batteries  for  galvanization. 

The  reasons  for  this  are  twofold  : 

1.  The  chemical  action  is  very  vigorous  because  the  solutions  are 
strong  and  the  circuit  is  metallic  throughout.  In  ordinary  external 
galvanization  or  in  electrolysis  the  resiiatance  of  the  body  interposed 
in  the  circuit  is  so  great  that  only  a  small  quantity  of  electricity  can 
be  evolved  (see  chapter  on  Ohm's  Law) ;  hence  the  zinc  is  not  so 
rapidly  consumed. 

2.  The  galvano-cautery  batteries— especially  the  portable  varieties — 
have  comparatively  little  reserve  power.  If  the  solution  becomes  old 
or  the  plates  become  corroded  badly>  the  heat  generated  may  be  too 
feeble  for  important  operations. 

It  is  therefore  necessary  to  frequently  renew  the  solution  entirely, 
and  not  in  part^  as  is  so  often  done  with  ordinary  galvanic  batteries* 
With  the  portable  zinc-carbon  batteries  it  is  a  great  advantage  to  thor- 
oughly soak  the  carbons  in  tepid  water  after  each  operation, 

A  practical  point  of  much  importance  is  that  when  the  zinc  platei 


become  much  worn,  and  the  distance  between  the  carbon  plates  is 
correspondirgly  increased,  the  internal  resistance  of  the  batteries  ts 
greater  and  the  power  is  diminished. 

Accompanying  Instrnmenis. — In  the  operation  of  galvano-cautcry  a 
large  number  of  biimers,  loops,  and  handles  is  used.  These  are  of  every 
variety  and  can  be  adapted  by  the  operator  to  the  needs  of  anjr  spe- 
cial case* 
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Uses  of  the  Galvano-Cautery, — The  special  purposes  for  which 
galvano-cautery  has  been  recommended  and  employed  are  the  follow- 
ing:— 

1.  Removal  of  tumors  of  various  kinds,  in  parts  that  arc  not  readily 
accessible  to  the  ordinary  methods  of  extirpation — pediculated  tumori 
of  the  larynx,  polypi  of  the  larynx,  naso  pharyngeal  space,  external 
auditory  canal,  vagina,  rectum,  and  uterus.  Malignant  tumors  in  any 
accessible  position  may  be  removed  by  galvano -cautery  in  order  to 
avoid  hemorrhage. 

2.  Amputation  of  diseased  organs  or  parts  of  organs,  like  the  neck 
of  the  uterus,  the  tongue,  etc,  as  a  palliative* 

3.  Cauterization  of  ulcers* 

4-  Cauterization  of  chronic  inflammations  of  mucous  membrane,  in 
the  urethra,  nasal  duct,  conjunctiva,  etc. 

5.  Cauterization  of  cancerous  tumors  to  stop  the  hemorrhage. 

6.  Cauterization  of  the  base  and  tissue  surrounding  malignant  tumon 
that  have  been  previously  removed  by  the  knife  or  ligature. 

7.  Cauterization  of  erectile  tumors  so  as  to  cause  coagulation,  ab- 
sorption, and  in  some  cases  sloughing. 

8.  Treatment  of  fistula,  by  cauterizing  the  fistula  alone,  or  l)y  cau- 
terizing surrounding  parts,  or  by  cauterizing  both  the  opening  and  the 
ports  surrounding,  or  by  opening  the  fistula, 

9.  Treatment  of  neuralgia  by  cauterizing  and  killing  the  nerve, 

fo.  Treatment  of  prolapsus  uteri  by  cauterizing  with  (he  burners  the 
vaginal  walls,  and  thus  causing  indammation,  suppuration,  and  cicatricial 
contraction. 

Advantages  of  the  G(Uvano-Cautery, — The  advantages  of  the  ga1vano« 
cautery  over  the  actual  and  j>otential  cautery  and  the  ordinary  opera- 
tions by  cutting  instruments,  arc  these  : — 

I*  It  can  be  used  on  parts  that  are  not  easily  accessible  to  ordinary 
instruments. 

a.  It  saves  all  or  nearly  all  hemorrhage. 

5.  It  combines  the  after-cauterizing  effect  with  the  other  results  of 
the  operation,  as  is  sometimes  desirable. 

4.  It  is  more  sure  in  its  action,  and  can  be  mure  accurately  Icx^tied, 
especially  in  cavirics,  than  the  ordinary  methods  of  cauterization. 

5.  It  is  but  little  painful  after  the  operation,  and  19  rarely  or  never 
dangerous. 

6.  It  if  followed,  like  electrolysis,  by  a  more  satisfactory  healing  than 
by  the  knife  or  ligature,  and  as  after  electrolynis  there  is  less  liability  to 
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The  one  disadvantage  of  the  gal  van  o -cautery  is  the  diificully  d 
managing  the  necessary  apparatus. 

This  difficulty  is  now  diminishing ;  the  advances  that  have  recentl) 
been  made  in  this  department  will  bring  the  galvano-cautery  within  the 
reach  of  alt  who  are  willing  to  devote  the  amount  of  attention  which 
a  new  department  must  at  first  demand. 

There  is  reason  to  believe  that  in  the  future,  with  accessible  and 
compact  appliances,  the  use  of  the  galvano-cautery  will  be  greatly  ex- 
tended. No  one  can  expect  to  succeed  with  the  galvana  cautery  whcf  u 
not  to  some  degree  a  master  of  etectro  physics. 

Rules  for  the  Use  of  the  Galvano -Cautery, — i.  For  all  large  and  im- 
portant operations  fresh  tiuid  should  be  used  in  sut^cient  quantity,  and 
the  battery  should  be  in  all  respects  clean  and  in  good  order. 

In  the  use  of  the  galvanic  current  for  ordinary  galvanization,  fluid  ^^^ili 
needs  entire  renewal  but  rarely,  and  if  an  evaporation  or  waste  reduce  -?*^  ^ei 
the  strength,  simply  pouring  in  new  fluid  into  the  old,  or  pouring  iii,*':^'  ^n  i 
water  alone  will  answer  to  bring  up  the  battery  power  to  the  necessary^^;— ary  i 
standard.  I 

2.  Before  beginning  the  operation,  the  apparatus  should  be  in  ihor——^' tr- 
ough preparation.     Our  battery  should  be  tested,  and  the  handles  zxi^tz^  ^nd  | 
wires  or  knives  should  be  carefully  overhauled,  so  that  there  may  b^»-^«::3«  | 
no  chances  of  bad  connection  or  bad  working  of  the  screws,  wheels,  o^  ^zrat 
other  appliances. 

3.  In  aO  operations  of  importance  it  is  almost  indispensable  to  have^^^c 
an  assistant,  whose  exclusive  duty  it  shall  be  to  immerse  and  take  out"  -*' 
the  elements  as  may  be  required  during  the  various  steps  of  the  opera- 
tion, or  10  use  the  bellows  or  air-bulb  to  increase  the  strength  of  iher"^^ 
current.     The  operator  will  have  all  he  can  do  to  control  the  instiu—*— ^ 
nients  in  his  hands. 

4.  The  strength  of  the  airrent  employed  in  the  operation  should  b^ 
carefully  adapted  to  the  size  and  length  of  the  wire-loop  or  knife  thaC 
is  used  in  the  operation.      If  too  great  a  quantity  of  electricity  is  usecf 
for  the  size  and  length  of  the  wire  loop,  the  wire  may  break  before  or 
during  the  operation^very  likely  very  near  the  close  of  the  operation^ 
to  the  annoyance  of  the  operator.     If  too  little  quantity  of  electricity 
is  used,  the  loop  or  knife  will  not  be  sufficiently  heated,  and  will  not 

I  bum  through  the  tissues,  or  if  the  tissues  are  divided,   hemorrhage 
may  occur. 

As  the  loop  f^rows  smaller  near  the  end  of  an  operation,  the  quantity 
of  electricity  should  be  diminished  by  raising  the  elements  somewhat 
in  the  solution,  r.o  that  less  surface  may  be  exposed  (Byrne). 
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Accurate  judgment  in  this  regard  can  only  come  from  careful  and 
'^prated  preliminary  experimentation,  and  from  entire  familiarity  with 
ilic  battery  employed. 

5.  In  the  case  of  malignant  growths  of  all  kinds,  the  heated  wire, 
loop  or  knife  should  go  sutiictenrly  far  beneath  or  around  the  growth 
as  10  include  healthy  tissue.  In  amputation  of  the  cervix,  for  example, 
I  he  wire  should  be  placed  above  the  ulcerated  or  indurated  part  so  as 
to  remove  the  entira  cervix,  and  very  much  more  if  the  disease  extends 
far  into  the  body  of  the  uterus. 

In  some  cases  this  would  be  impracticable,  and  then  it  is  necessary 
to  abandon  all  hopes  of  radical  or  permanent  relief,  and  content  our- 
selves with  palliation  merely. 

6.  In  cases  where  tlie  wire-loop  is  used,  the  traction  on  it  by  the 
wheel  or  other  contrivance  should  be  very  gradual,  and  by  intervals,  so 
that  the  surfaces  of  the  parts  ex[)Osed  may  be  thoroughly  cauteruced* 
The  icniptatic|n  is  to  make  the  operation  brilliant  and  brief,  by  rapidly 
contracting  the  loop.  Those  operators  who  yield  to  this  temptation 
may  be  annoyed  by  immediate  or  secondary  hemorrhage. 

7.  When  the  shape  and  position  of  a  part  to  be  excised  are  such 
that  a  loop  cannot  be  adjusted,  a  groove  should  first  be  burned  around 
the  part  by  the  galvano-cautery  knife  (Byrne). 

I  8.  The  wire-loop  or  knife  should  be  accurately  adjusted,  and  be  per- 
fectly in  position  before  the  connection  is  made  and  the  current  let 
on. 

9,  The  loop  should  not  be  contracted  until  it  has  passed  into  the 
submucous  tissues,  and  when  passing  through  superficial  or  cellular  tis- 
sue, the  wire  should  not  be  brought  to  a  white  heat  {Byrne). 

10.  In  protracted  operations,  where  delay  is  necessary  between  the 
different  stages,  the  elements  should  be  raised  out  of  ihe  solution  when 
the  current  is  not  needed,  so  as  to  rest  the  battery  and  economize  its 
force. 

Adaptatim  of  Galvam-Cautery  to  various  Departments, ---In  the 
adaptado^  of  galvano-cautery  to  any  of  the  special  departments,  one 
needs  to  be  guided  by  the  general  principles  already  laid  down.  The 
efficient  contrivances  and  modifications  of  apparatus,  and  of  modes  of 
operating,  will  depend  on  the  skill  and  experience  of  the  surgeon,* 

Dr.  Byrne  presents  the  following  risume  of  his  operations  with  the 
galvano-cautery,  up  to  December  i,  1872  : 

I  •  On  the  special  dqiartment  of  the  adaptation  of  the  galvano-cautery  togymecologyg 
•a  well  M  for  valuable  suggcslion^i  m  regard  to  galvano-cautery  bi  general,  we  may 
refer  to  Dr.  Byrne'?  work  on  the  lilcciro^Cautcrj  in  Uterine  Surgeiy. 
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**i9  cases  of  epithelioma*  including  cauliflower  cancer* 

11  *•  eiicephaloid,  or  medtiliary  cancer. 
13  '*  catarrhal,    inflammatory,  and  ulcerative  affectioni  C*t      Tt^i 

cervical  canal  of  uterus. 

5  '*  amputation  of  cervix  (non-malignant). 

4  **  fibrous  and  fibro-cellular  polypi, 

4  **  sessile  fibroid  tumors. 

2  "  deep  ulceration  of  os  and  cervix. 

t  **  intra-uterine  vegetation  {n  on -malign  ant). 

2  "  vascular  tumors  of  urethra* 
4  **  granular  urethritis. 

3  '*  hemorrhoidsp 
I  **  perineo-vaginal  fistula, 
I  **  lipoma  of  scalp. 
1  **  lipoma  of  cheek. 
I  "  lipoma  of  ear.                                                  \ 

72 

Of  the  thirty  cases  of  malignant  disease, 
17  were  of  the  uterus  alone, 
7     **         *•      utcnis  and  vagina- 
3     "        "      perinaeum  and  vagina. 
t  was  of  the  left  labium. 
I     "         **      clitoris, 
X     "         **      breast. 

Among  the  nineteen  cases  of  epithelioma, 
7  were  indurated  or  ulcerated  only,  and 

12  were  of  the  vegetating  or  cauliflower  character.     Of  the  latter, 
7       **      **       cervix  uteri  alone. 
3      '*      **       perinajum  and  vagina. 
I  was  restricted  to  the  left  labium. 
I  of  the  clitoris," 
Dr.  Thomas  Bryant,  of  London,  has  recently  published  the  re^^^* 

of   a  large  variety  of  experiments  with  this  form  of  '*  bloodless  ^»^*" 
gery."  ^ 

The  cases  of  amputation  of  the  cervix  uteri  with  the  galvano-cauC*:^ 
that  have  been  attempted  by  the  surgeons  of  the  Woman's  Hospi*^^ 
with  the  assistance  of  Dr.  Rockwell,  have  proved  entirely  satisfact^ 
In  these  cases,  if  the  platinum  wire  be  of  sufficient  size,  and  the  cuU** 
be  done  slowly,  not  a  drop  of  blood  need  be  lost. 

The  galvan(»*caulcry  has  been  used  by  ophthalmologists  for  the  C** 
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terization  of  granular  lids,  and  inflammations  and  abscesses  of  the  lachry- 
mal ducts.  By  aurisis  it  has  been  used  for  the  removal  of  polypi  and 
other  tumors  from  the  external  auditory  canal.  By  laryngologists  it  has 
been  used  for  the  lemoval  of  nasal  and  n  as o- pharyngeal  polypi,  for  the 
cauterization  of  granular  in  flam  mati  on  s,  for  the  cauterization  and  removal 
of  various  laryngeal  growths,  and  for  tracheotomy.  One  of  the  most 
successful  workers  in  this  branch  is  Voltolini.* 

In  the  rectum  the  galvano^cautery  has  been  recently  utilized  for  oper- 
ation on  fisttdae  and  for  the  removal  of  piles.  By  general  surgeons  it 
has  been  used  for  amputation,  and  for  the  treatment  of  epithelioma  and 
other  raah'gnant  growths. 

The  followmg  operation  by  the  galvano* cautery  is  a  good  illustration 
of  its  value  and  efticiency  ; 

Ca&k  CXCVH. — We  were  requested  by  Prof  James  Rt  Wood  to  see  with  him  « 
patient  from  whom  he  had  some  time  before  rcmavetl  a  cancer  of  the  lip.  The  man 
vas  DOW  suffering  from  a  larger  growth  of  a  malignant  character,  situated  on  the 
right  side  of  the  neck^  and  adherent  apparently  to  the  hyoid  bone.  The  tumor  was 
so  exceedingly  vascular  that  it  was  thought  not  expedient,  by  Dr,  Wood,  to  use  the 
knife,  and  he  therefore  determined  to  try  the  galvano-cautery.  The  paiient  having 
been  etherised  by  Dr.  J.  W.  Hunt»  Dr.  Wood  proceeded  to  dissect  back  the  skin; 
but  the  substance  of  the  tumor  was  found  to  be  so  thoroughly  broken  down,  ihat  it 
was  resolved  to  extirpate  tlioroii^jhly,  without  regard  to  lis  covering.  The  circum- 
ference of  the  tumor  was  so  great,  that  instead  of  attempting  to  encircle  the  whole  at 
once,  Dr,  Wowl  pierced  it  at  li^  base  and  centre  by  a  grooved  director,  and  along 
this  we  thrust  the  free  end  of  our  platinum  wire,  and  as  it  came  out  at  the  opposite 
[ride,  it  was  fastened  in  the  other  half  of  the  operating  handle,  thus  forming  a  loop 
:  around  one-half  of  the  tumor  at  its  base.  The  circuit  was  now  closed,  the  loop 
gradually  contracted,  and  the  amputation  of  the  portion  enclosed  speedily  accom- 
I  prisherl.  The  other  half  of  the  enlargement  was,  in  the  same  way,  readily  cut  away. 
Substituting  now  the  cautery  knife  for  the  vnre,  as  much  of  the  underlying  tissue  was 
removed  as  could  be  with  safety  attempted!,  owing  to  the  position  of  the  disease. 
During  the  operation  only  an  insignificant  amount  of  blood  was  lost,  and  but  one 
small  artery  called  for  ligation.  No  untoward  symptoms  followed,  and  the  patient 
made  a  good  recovery. 


•  Die  .\nwendiing  der  galvano-kau*itik  in  Tnnern  des  Kehlkopfesund  Schlundkopfcs. 
Wein,  1872,    On  the  Application  of  the  Gal vajio- Cautery  to  Laryngology.     See  alFO 
•Cohcn^s  Diseases  of  the  Throat,  1S73. 
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BENIGN   ANB   MALIGNA  MT  TUMORJS. 


The  success  of  the  electrolytic  procedure  in  benign  and  maligiiin! 
tumors  depends  on  the  method  used.  One  may  fail  by  one  process  and 
succeed  by  another,  just  as  in  any  other  surgical  operation.  The  ten- 
dency has  been  to  be  satisfied  with  the  mere  employment  of  galvano- 
puncture,  without  regard  to  the  method,  and  to  accept  the  resxilts^ 
whether  favorable  or  unfavorable,  as  serving  to  settle  the  question  of  thc^ 
value  or  uselcssness  of  electricity  i\\  surgery. 

In  electrolysis  everything  depends  on  the  method  ;  and  with  the  sanies 
method  skill,  care,  and  thoroughness  may  succeed,  when  awkwardnesSi.^ 
carelessness,  and  inattention  fail  utterly*     The  failure  of  electrolysis  ii 
any  form  of  tumor — benign  or  malignant — is  not  to  be  counted  a  re-^ 
proach  until  we  know  the  actual  method  used  and  the  chanicter  of  th^ 
operator. 

The  errors  that  have  been  and  are  continually  made  it)  electrolytic 
operations  begin  and  end,  as  we  have   seen,  in  ignorance  or  forgetfu 
ness  of  the  laws  and  facts  of  electro-physics  and  electro-physiology,  am 
especially  of  the  former.     No  one  can  be  a  scientific  and  successfi 
electro- surge  on  without  also  being  more  or  less  of  an  electro-physicists 

NiEVl — ERECTILE   TUMORS — ANGtOMATA — MOTHER*S    MARKS. 

Nsevi  (erectile  or  vascular  tumors)  are  both  cutaneous  and  subcu- 
taneous. The  terms  cutaneous  and  subcutaneous,  however,  simply  io- 
dicate  a  difference  in  scat,  but  not  in  kind.  The  two  forms  are  often 
associated,  and  the  wide-spread  dilatation  of  cutaneous  vessels,  attended 
with  little  swelling,  that  are  commonly  called  "mother  spots,"  arc  evi- 
dently similar  in  character  to  the  subcutaneous  variety  to  which  Bell 
gave  the  name  of  aneurism  by  anastomosis.  Erectile  tumors  may  be 
either  venous  or  arterial. 

This  variety  of  tumors  may  be  treated  by  the  ordinary  method  of 
electrolysis,  with  a  good  probability  of  success,  provided  the  condition! 
of  success  are  skilfiilty  observed. 
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H  first  of  all  necessary  to  understand  that  to  cure  all  forms  of 
er<  aiie  tumors  elcctrolytically  withoyt  leaving  any  scar  or  trace  is 
sitn^^y  impossible.  In  many  cases,  and  notably  in  those  of  larger  size, 
ard  which  are  partly  cutaneous  and  partly  subcutaneous,  sooner  or 
hiei  destruction  of  tissue  is  requisite  to  bHog  about  a  cure;  and  de- 
ftru*.tion  of  tissue  after  electrolysis,  like  destruction  of  tissue  after  the 
nse  of  other  agents,  is  followed  by  cicatrization. 

When  the  nsevus  is  small  and  superficiaU  then  a  mild  electrolytic 
operation  maybe  followed  by  a  shrinking  of  the  tumor,  and  a  rapid  and 
pcimaneut  absorption  of  the  debris  without  any  scar;  but  such  cases 
caji  hardly  be  said  to  constitute  the  majority.  The  scars  following  the 
eli»ctro lytic  treatment  of  nasvi  may,  however,  rapidly  disappear ;  at  least 
tht  little  patient  may  in  time  entirely  outgrow  them. 

It  is  necessary  to  be  understood,  in  the  second  place^  that  the  elec* 
trolytic  operations  for  nsevi,  as  for  other  kinds  of  morbid  growths,  are 
usually  sufliciently  painful  to  require  some  form  of  local  or  general 
anaesthesia.  It  is  almost  absolutely  sa/t  to  give  ether  to  young  chil- 
dren ;  and  the  operation,  even  though  it  be  but  very  short  and  but  little 
painful,  can  be  conducted  far  more  successfully  when  tire  child  is  anaes- 
thetized than  when  it  is  not*  With  adults,  and  sometimes  with  children, 
local  anaesthesia  by  ether  spray  is  suflicient ;  but  it  is  generally  inferior 
to  general  ansesthesia.  The  struggles  of  the  child  to  get  free,  its  terror 
at  the  sight  of  the  instruments,  can  all  be  saved  by  a  carefully  adminis- 
tered anaesthetic  The  details  of  the  operation  differ  with  the  site  and 
character  of  the  tumor.  Success  has  followed  the  use  of  both  poles  in 
the  tumor,  or  only  one,  while  the  connection  is  made  by  a  sponge-elec- 
trode on  some  indiiTerent  poinL  If  the  tumor  be  small,  and  but  one 
pole  is  used,  it  is  bettei  that  it  should  be  the  positive,  since  the  clot 
formed  at  the  positive  pole,  though  small,  is  hard  and  6rm.  If  the 
tumor  be  large,  needles  connected  with  both  poles  may  be  used. 
Whether  one  or  more  needles  arc  to  be  used  depends  on  the  size  of 
the  tumor,  but  generally  one  needle  connected  with  each  pole  is  suffi- 
cient. If  many  needles  are  used,  it  is  difficult  to  manage  them ;  and 
some  may  fall  out,  and  thus  disturb  the  operation.  It  is  better,  as  a 
rule,  to  fake  out  the  needle  at  different  stages,  and  insert  it  in  various 
parts,  until  the  entire  growth  is  acted  upon.  We  have  sometimes  found 
it  of  advantage  to  reverse  the  current  during  the  operation,  so  that  all 
portions  of  the  tumor  may  be  acted  on  by  both  poles.  Insulation  of 
Ihe  needles  is  only  required  in  the  case  of  entirely  subcutaneous  tumors 
—where,  as  in  the  case  of  aneurism,  it  is  desired  to  produce  a  coagulum 
(which  may  be  slowly  absorbed)  without  injury  to  the  akin. 
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The  length  of  the  operation  may  range  between  five  and  twenty- five 
ininytes,  according  to  the  strength  of  current  used,  the  size  of  the  needier 
and  the  size  of  the  tumor. 

The  great  point  in  all  electrolytic  operations  for  naevi  ix  fo  do  yiai 
tfwugh  without  doing  too  muck.  If  the  opeiation  be  not  reasonably 
thorough,  absoption  will  not  take  place,  or  the  tumor  may  recur.  If 
the  operation  be  too  extensive  or  prolonged,  the  destruction  of  ttssoe 
may  be  greater  than  is  needed,  and  the-  subsequent  cicatrization  may 
amount  to  at  least  a  temporary  deformity.  For  very  large  and  semi* 
cutaneous  or  semi-subcutaneous  naevi,  that  exhibit  a  tendency  to  spread 
in  all  directions,  it  is  necessary  to  place  the  needles  at  or  near  the  base 
of  the  tumor,  and  in  the  surrounding  tissue,  among  the  enlarging  and 
tortuous  vessels,  in  a  manner  somewhat  resembling  the  method  of  elec* 
trolyzing  the  base  of  malignant  tumors.  If  such  tumors  are  Created 
timidly,  no  good  result  will  come,  and  the  operation  may  be  seveni 
times  repeated  without  satisfaction. 

The  advantages  of  the  electrolytic  procedure  in  nset'i  are  these  : 

1.  In  small  and  superficial  tumors,  the  cure  may  be  effected  with 
little  or  no  scar.  On  the  face  and  other  exposed  parts  of  the  body, 
this  advantage  is  very  great. 

2.  In  large  nnevi,  and  those  which  are  partially  or  entirely  subco* 
taneous,  the  liability  of  recurrence  would  be  less,  and  probably  the  ex- 
tent of  the  cicatrization  would  be  less  than  after  the  ordinary  mctliod  of 
treating  these  growths. 

:iuhmianiOHi  erectile  tumor  &f  the  right  chuk  ;  compteterHmery  fottrnM  dttffpfylt^ 

treatment. 

Case  CXCVIIL—In  Aprils  1871.  Dr.  D.  F.  Reynolds  consulted  us  in  regsid  to  the 

c^ait  of  a  little  child  aged  dght  months,  who  was  afflicted  by  a  suhcutaneoos  erectOt 
tumor  in  the  ri|;ht  cheek.  It  ajjpeared  shortly  after  birth,  and  bad  gradually  enbofel 
until  the  date  mentioned,  when  tt  measared  one  and  a  half  inches  in  width  and 
one-half  to  three-quarters  of  an  inch  in  depth.  Upon  firm  pressure  the  enlarg«me>C 
would  almost  entirely  disappear.  The  patient  having  l>een  placed  under  the  Inflnaioe 
of  chloroform,  we  operated  at  Eellevue  Hospital,  in  the  presence  of  Dr.  Frank  Him- 
lUon  and  hn  class^  by  introducing  into  the  four  quartern  of  the  tumor  four  ayJI 
gilded  steel  needles  insulated  to  within  onc^uartcr  of  an  inch  of  the  points  Two  of 
the  needles  are  connected  with  the  positive  and  two  with  the  negative  pole. 

During  the  passage  of  a  current  of  very  moderate  tension  the  enlargement  gndttkOf 
grew  harder  and  more  prominent  as  the  blood  coagulated,  and  at  the  expiimiloB  ol 
eight  minutes,  when  the  neetlles  were  withdrawn,  the  part  was  quite  flrnu  Thcdlild 
suffered  no  inconvenience  during  or  after  the  operation,  And  when  seen  the  ool 
morning  was  as  well  and  playful  as  usual.  The  proccsE  of  absorptioa  soon  beciVt 
manifest,  and  in  two  ttionlhs  three  quarters  of  the  clot  haj  dk^ppeaned. 
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From  iU%  tim€  thtrt  wjis  a  most  marked  decrease  in  the  rapidity  of  absorptbn, 
lince  bui  two  months  more  were  required  before  the  dot  had  entirely  disappeared^ 

A  largt  4irttriai  turner  in  a  weaM,  Hi-n&uruhtd  child  ;  tht  rssuU  of  tUcirofyiic 

treatment  Httsatis/iulQry. 

Cask  CXCIX. — Annie »  a  child  aged  one  year,  was  directed  to  us  by  I>r.  H,  P, 

Famham*  On  her  bade,  over  the  upper  dorsal  vertebrae,  we  found  a  large  flucCtiating 
arterial  tumor,  nearly  two  inches  in  dinmetcf  at  its  base. 

The  chiJiJ  was  markedly  anaemic,  and  her  general  condition  was  much  below  par. 

It  was  thought  best,  however,  to  operate,  and  in  the  presence  of  Drs.  Farnham, 
Piokney,  Grant,  and  others,  the  needles  were  used  in  the  same  manner  as  in  the  pre- 
vious case.  Coagulation  was  readily  produced,  but  owing  to  !»ome  unpleasant  symp* 
toois  in  the  respiration  of  the  child  the  needles  were  withdrawn  (a$  the  progress  of 
the  case  subsequently  attested)  a  little  prematurely. 

Absorption  set  in  very  lilowly  indeed,  and  after  a  few  weeks  its  effects  were  barely 
perceptible.  After  a  couple  of  months  it  was  evident  that  the  circulation  in  one  por- 
tion was  beginning  to  be  re-established,  but  the  mother  refused  to  allow  anything 
more  to  be  done  for  the  little  patient.  It  should  be  stated  that  on  the  night  follow- 
ing the  operation,  the  child  was  allowed  to  lie  upon  its  back  with  the  hard  enlarge- 
ment of  coagulated  blood  entirely  unprotected.  Subsequently  a  soft  circular  ring 
was  prepared  and  placed  around  the  tumor,  but  the  irritation  already  caused  by  the 
r  pressure  was  followed  by  slight  ulccralion  and  discharge. 

This,  however,  healed  bi  the  course  of  two  weeks,  but  it  undoubtedly  contributed 
towards  the  general  unsatisfactory  result.  The  slowness  with  which  the  absorbing 
process  was  carried  on  b  to  be  attributed  undoubtedly  to  impaired  nutrition,  and  the 
rc-cstablishnient  of  the  circulation  mainly  to  the  unfortunate  necessity  of  cutting  short 
the  operation* 

Arterial  ertctiU  tumor  from  btrtk  in  a  ekild  fifteen  months  old;  complett  recovery 

under  ei/ctralytation^ 

Cash  CC. — In  a  little  child  fifteen  months  tjld,  upon  whose  face,  near  the  angle 
of  the  lower  jaw,  a  small  erectile  tumor  had  ejcinted  from  birth,  electrolysis  was  com- 
pletely successful.  The  patient  was  placetl  under  the  influence  of  chloroform,  and 
two  platinum  ueedles,  insulated  to  within  one-third  of  an  inch  of  the  points,  and 
connected  with  the  positive  pole,  were  introduced  into  the  two  lower  quarters  of  the 
tumor  ;  while  two  steel  needlcS|  connected  with  the  negalise  pole  and  insulated  in  a 
Kimiiar  manner,  were  thrust  into  the  two  upper  quarters.  The  current  from  twelve 
medium-sized  cells  of  a  zinc-carbon  battery  was  allowed  to  pass  for  ten  minutes,  at  the 
end  of  which  time  the  coagulation  was  complete.  Absorption  of  the  clot  rapidly 
became  manifest,  and  in  four  months  it  had  entirely  disappeared,  leaving  no  scar. 

In  subsequent  operations  we  have  not  hesitated  to  use  steel  or  gilded 
needles  for  the  positive  pole,  since  the  oxidation  which  these  needles 
undergo  in  ail  probability  tends  to  accelerate  coagulalion. 
Subcntan^Mt  ersctiU  tum&r  treated  by  eleetrolysis  ;  too  ttrong  cnmntt  ustd ;  tm^ 

sequent  sloughing^ 
Case  CCL — A  the  request  of  Dr.  Geo.  K>  Smith,  we  operated,  November  2a, 
F1871,  on  a  case  of  subcutaneous  erectile  tumor,  just  over  the  inucr  angle  of  the  eye 
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m  a  child  sixteai  monlbs  of  age.  The  tumor,  which  was  about  the  liie  of  «  hud 
imt,  could  easily  be  compresacd.  The  child  was  thoroughly  echeriKed  with  the  ama* 
ance  of  Dr.  F.  H,  Colton»  and  three  insulated  needles  were  inserted  into  the  tumor- 
iwo  connected  with  the  poMtive,,  and  one  with  the  negative  pole. 

The  current  was  from  Mxteen  weak  cells  ;  the  stance  twenty  minutes.  The  cdot 
of  the  tumor  changed  during  the  operation  and  became  hard  through  iie  coagiikbdB, 
Subset]uently  the  tumor  liloughed  at  certain  points,  and  the  result  wa<  not  latisfacloij, 
since  a  deTormity  was  left  that  may  be  permanent. 

The  mistake  we  made  was  in  using  too  strong  a  current  and  unduljr 
prolonging  the  oi>eration.  In  our  desire  to  avoid  repeating  the  opcii- 
tion,  we  went  to  the  other  extreme. 

The  delicate  skin  of  the  child  was  so  affected  by  the  action  of  the 
current  that  sloughing  ensued  in  spite  of  the  insulation  of  the  needles. 
This  mistake  is  one  that  can  be  easily  avoided. 

Dr.  Rockwell,  by  a  somewhat  rare  coincidence,  treated,  within  a  com* 
paratively  short  time,  four  widespread  n^vi  involving  the  nose.  The 
first  case,  sent  by  Dr.  Lafayette  Ranney,  submitted  to  two  operations. 
The  first  successfully  obliterated  the  dilated  vessels  of  one-half  the 
nose ;  but  circulation  becoming  reestablished  in  the  other  half,  a  sec 
ond  operation,  performed  after  an  interval  of  several  months,  resuUrd 
in  complete  recovery.  The  second  case,  sent  by  Dr.  Stephen  Smithy 
was  apparently  successful ;  but  as  it  passed  from  under  his  observ'atiofi, 
he  is  tininfontied  of  the  ultimate  result  The  remaining  cases  recovered 
promptly  after  a  single  operation,  and  with  hardly  an  appreciable  sar, 

Drs,  L.  F.  Sass  and  R,  P.  Lincoln,  of  this  city,  have  cotimiunicated 
to  us  the  details  of  an  interesting  case  of  successful  treatincnt  of  a 
venous  erectile  tumor  of  the  neck  : — 

The  i^atientf  Gen.  K.,  age<l  35,  of  nervous  temperament^  represented  that  in  April, 
1869,  after  a  special  effort  in  public  speaking,  he  fcU  a  pain  in  his  neck,  oa  the  kfl 
Mile.  Six  weeks  later  a  small  tumor  appeared  in  the  locality  of  the  patn*  wbich  IB  i 
lew  months  increased  much  in  size.  It  was  subsequently  reduced  by  sulphtiT'-bathi, 
i.^thartics,  tincture  of  iodine,  etc.,  but  returned^  and  in  February,  1870,  «is  a(^ 
reduced  by  the  same  treatment,  wluch  left  hira,  however,  exceedingly  we*k.  JoJy  4, 
during  the  excitement  of  a  public  reception,  the  tumor  again  appeared,  with  severe 
pain,  loss  of  voice,  and  feeling  of  suffocation,  so  that  death  appeared  iouninent ;  and 
B^n^in  it  wasj  di^i^pelled  by  the  ^une  treatment.  On  account  of  the  frequenc)  of  these, 
and  the  exhaustion  that  followed  the  treatment,  the  patient  was  compelled  to  redgi 
the  public  position  which  he  held,  and  return  home. 

When  he  came  under  the  observation  of  Drs.  Sass  and  Lincoln,  a  Itunor  ofthefiit 
of  a  large  goose's  ^g  was  found  on  the  left  side  of  the  occk,  in  the  anlcro-inferiflf 
portion  of  the  region  defined  by  the  stemo-cleido- mastoid  and  trapexius  muscles  tad 
the  clavicle.  The  trachea  was  parted  half  an  inch  to  the  right  of  the  mediaB  iin^ 
The  tumor  was  rounded,  smooth,  and  readily  comprealble  ;  bat  after  compreoioii  i 
returiicJ  to  its  natural  shape. 
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An  attack  of  imdigestian,  active  exercise,  or  mcnCiLl  eitcUement  of  any  kind,  would 

use  the  tumor  to  increase  sometimes  to  twice  its  usual  size. 

Scpl.  30^  1S70,  in  the  presence  of  Dr^  Hammond  and  Hackley,  the  patient  wai 
anaesthetized  ai^d  submitted  to  elcctrQlylic  treatment.  Four  gilded  Heel  needles,  In- 
»iiUtcvi  to  onc'half  or  three- fourths  of  an  inch  from  their  points,  were  introduced  into 
ihe  four  quarters  of  the  tumor  ;  the  two  upper  being  one  and  one-fourth  inch  apart^ 

I  owe  inch  atrove  the  lower,  which  were  one  inch  apart.     The  two  inner  needlei 

trc  connected  with  the  subdivided  anode,  and  the  two  outer  with  the  siib<lividc<l  ca- 
de.    At  first  ten,  then  fifteen  elements  of  a  battery  similar  to  Stohrer's  were  cm- 

oyed.     The  strength  of  the  current  was  increased  ^adually* 
I  At  the  expiration  of  fifteen  minutes  the  two  lower  nectlles  were  disengaged  from  the 

rent,  thus  concentrating  the  whole  force  upon  the  two  upper ;  at  the  expiration  of 

Iteen  minutes  more  the  needles  were  removed. 

During  the  operation  alt  the  prominence  of  the  tumor  disappcaredii  and  a  delicate 
examination  detected  a  hard  mass  in  its  place;  not  a  drop  of  blood  enca^^d  on  the 
removal  of  the  needles.  The  skin  over  the  tumor  presentetl  a  bright  blu^h,  and  the 
trachea  had  returned  to  its  proper  poivition.  The  patient  kept  quiet  for  three  days, 
nsiiig  a  cold-water  comprc^  At  the  end  of  that  time  the  sorenesia  which  had  been 
considerable,  had  nearly  all  passed  away, 

^\t  the  latest  date,  October  24th,  the  patient  was  well,  aad  "  the  induratiou  in  the 
;k  was  steadily  diminishing  in  size," 

Goitres, — Goitres  are  to  be  treated  by  ordinary  electrolysis  with  sharpy 
^ayonet-shaped   needles,  which  may  be  either  insulated  or  t>on-iniii» 
■ted.     Needles  that  are  smoothly  insulated  can  be  inserted  through  the 
skin  of  the  neck  without  very  much  more  difficulty  than  non  insulaled 
needles  ;  but  if  the  insulation  be  roughly  put  in,  the  difBculty  in  inner- 
in  may  be  very  great.     An  advantage  of  non-insulated  needles  t*  that 
the  action  which  takes  place  in  the  skin  around  tt,  the  needle  bc- 
mes  loosened  at  the  negative  pole,  and  so  can  he  pushed  in  itiU  for- 
*r  without  difficulty.     For  goitres  of  all  kbds  the  negative  pole  ii 
ich  preferable  to  the  positive  pole,  just  as  in  cystic  and  fibroid  tu- 
yrs.      There  is  no  danger  in  inserting  a  needle  even  into  a  small 
ottrc  to  a  considerable  depth,  say  one  or   two  inchei.      By  great 
elessness,  it  would,  we  suppose,  be  possible  to  wound  the  carotU 
rtciy.     We  do  not  usually  employ  an  ansesthettc  in  the  operationi  on 
e  neck  ;  we  find  that  the  ether  ipray,  or  local  afipltcation  of  a  mix- 
re  of  cirbolic  acid  and  ether,  equal  partly  preventSp  to  a  consklerabl^ 
tent,  the  fear  of  tbe  inopdoctiant  wtiich  the  patient  much  dreadftt 
Dd  which  b  really  iisofe  serere  than  the  pain  of  the  etectrotyiia  after 
^  needles  are  in  pOfltioQ* 

In  a  few  cases  we  have  obterred  that  the  needleit  when  iiiferted  in  1 
oltre,  <^iise,  bf  rciea  aciioii,  fmi  «  the  fafcbttd ;   in  other  tMm 
ftausea  and  a  tendesiqr  to  iuafntv  wm  dbftrvsd.    The  mi^orfljr  of 
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patients  do  not  bear  an  operation  of  more  than  from  five  to  fifteen  niin 
Lites,  which  may  be  repeated  two  or  three  times  a  week. 

This  purely  electrolytic  treatment  may  be  varied  by  external  galra 
nidation  and  faradization  with  strong  currents. 

There  is  no  question  that  external  galvanization  and  faradization  witfi 
strong  currents,  both  steady  and  interrupted,  will  cause  a  considerable 
reduction  of»  and  sometimes  completely  dissipate  goitres  ;  and  even  whe« 
these  methods  do  not  cause  any  perceptible  diminution,  they  at  least 
relieve  the  sense  of  pressure,  the  heaviness,  and  the  sense  of  suifocation^ 
or  of  choking  that  goitres  often  cause.  External  electrization  alone  ti 
not  as  satisfactory  as  electrolysis  with  needles. 

The  prognosis  of  goitre,  under  electrical  processes,  varies  with  the 
nature  of  the  tumor.  Those  which  are  small  and  soft  may  dtsappeat 
entirely  and  permanently.  Those  that  are  large,  provided  they  are  not 
loo  hard,  may  also  entirely  disappear.  The  cystic  varieties  also  give  a 
good  prognosis.  Those  that  are  both  very  large  and  very  hard  cnav 
diminish  a  certain  percentage,  but  they  do  not  entirely  disappear.  The 
best  method  of  estimating  the  results  of  treatment  is  to  take  measure* 
tnent  of  the  neck.  Almost  all  goitres  will  go  down  more  or  less,  and 
usually  at  the  outset  of  the  treatment.  Afterwards  they  recede  more 
and  more  slowly  ;  and,  even  in  those  cases  where  the  cure  is  complete, 
the  last  quarter  will  require  more  treatment  than  the  first  three-qtiar* 
ters.     This  is  true  of  all  hard  growths  that  are  treated  by  electricity. 

GoUre  of  three  years*  standing — Rapid  reduction  and  appr&ximtUe  cure  mmder  £^ 
vano -puncture — External  faradizalioH  with  very  strong  currents. 

Case  CCtl. — March  30,  1874.  We  were  called  to  treat  a  case  oi g&ilrt^  wbevf 
the  mesiaurement  around  ihe  neck  was  sixteen  and  one-half  inches  The  paiienl, 
was  a  yonng  man  twenty-one  years  of  age,  and  tlic  growth  had  existed  throe  yeairv  Tht 
tumor  was  moderately  but  nr>t  excessively  hard.  We  commenced  trcattiMiiC  wttfc 
electrolysis  the  needle  being  passed  into  the  centre  of  the  lumor.  In  cnc  week  hilf 
an  inch  wxs  gained ;  m  five  weckH  one  and  a  half  mches.  which,  in  effect,  Afnoinilaft 
to  a  cure.  We  used  only  mild  currents,  combined  with  external  faradixatioii,  vMl 
very  strong  currents,  violently  interrupted,  as  suggested  by  Meyer.  TbenesuU,  l^cfe» 
fore,  was  due  to  the  combined  effect  of  different  kinds  of  electriiation. 

The  great  majority  of  cases  of  this  kind  will  become  reduced  ten,  fLf^een,  or  tvcstf 
per  cent.,  and  will  become  stationary.  Even  in  this  case  the  reducliora  ol  tbe  \M 
quarter  inch  consumed  as  much  time  as  all  the  rest  of  the  oure. 

In  the  above  case — which  may  be  regarded  as  a  type  of  the  more 
successful  results  of  electrical  treatment  in  goitre — the  galvanopuQc- 
ture  certainly  accomplished  more  than  the  external  faradization  with 
strong  interrupted  currents.     The  latter  method  did  something,  and  ti 
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worthy  of  trial  in  the  treatment  of  goitre  in  connection  with  galvano- 
puncture. 

"iMmpie  itr  adenoid  goiire  in  a  ikild  agtd  fourteen— ReHef  of  choking  unsaiiiins^ 

■  Steady  decrease  in  site  under  external  galvaniiation  and  electrolysis^ 

Case  CCIII. — I*  W.,  a  girl  aged  fourteen  ycars^  first  observed  four  years  sinoe  • 
KJilfht  enlargement  of  the  thyroid  gliir>d.  It  rapidly  increaseti  in  sbe  until  Dec^jnber  5, 1871. 
When  she  presented  herself  for  examination  it  was  one  and  a  half  inches  in  depth,  and 

I  two  inches  in  width,  reaching  to  the  anterior  border  of  either  stcrno-clcidQ«mastQideu9 
niu^de.  The  mass  was  quite  movable  and  did  not  in  any  way  cause  inconvenience, 
excepting  when  i>he  attempted  to  sing.  Iodine,  both  internally  and  externally,  had 
been  used  without  appreciable  benefit.  For  the  first  two  months  localised  external 
galvanization  repeated  twice  a  week,  was  alone  tried,  resulting  tn  no  diminullon  in 
the  size  of  the  swelling,  but  in  a  very  decided  alleviation  of  the  distressing  sensation  of 
strangling,  whicli  invariably  occurred  whenever  she  attempted  to  sing. 

Subsequenlly  the  needles  were  introduced,  and  to  this  date  the  tumor  has  steadily 
decreased  in  size,  until,  June  i,  it  was  one-quarter  it!>  origii^al  size,  and  the  indications 
were  that  it  would  entirely  disappear.  The  needle  (a  small  glo%'er*s  needle)  was  iji- 
truduced  some  twenty  timcs^  but  as  the  pain  produced  was  very  slight  no  chloroform 
was  used 

Dissi^ion  of  a  gokre  of  fifteen  months*  standing  under  external  localised  gal-- 

vaniiattoH, 
Case  CCIV. —  Miss  H.,  a  young  lady  aged  24,  was  directed  to  us  by  Dr.  J.  Ma^ 
ffion  Siro^  Nov.  26,  1*172. 

Fifteen  months  berore  she  observed  in  the  neck  a  slight  enlargement,  which  grew 
with  considerable  rapidity.  On  examination,  we  found  a  goitre,  that  spread  widely 
mil  over  the  anterior  portion  of  the  neck,  extending,  indeed,  beyond  the  outer  margin 
of  culler  stcmo-clcido-mastoid  muscle.  The  measurement  around  the  most  promi- 
nent portion  was  14I  inches. 

We  first  attempted  simple  external  localized  galvanization,  with  the  effect  of 
reducing  the  measurement  in  13  stances  to  13  inches.  The  deformity  was  now  barely 
perceptible,  and  decreased  with  characteristic  slowness,  but  finally  completely  disap- 
peared after  some  15  additional  applications.  At  the  close  of  the  treatment,  the 
neck  measured  just  isf  inches. 

Cystic  Tumors. — Benign  cystic  tumors  may  be  successfully  treated  by 
the  ordinary  method  of  electrolysis.  We  have  treated  a  number  of 
cases,  small  and  large,  and  with  excellent  results.  The  object  of  the 
electrolytic  procedure  in  benign  cystics  is,  of  course,  very  different 
fratn  the  object  of  the  same  procedure  in  nzevi*  The  therapeutical 
action  of  the  current  on  cystics  is  somewhat  complex. 

isL  The  fluid  is  decomposed.  The  gaseous  products  of  this  decora- 
position  sometimes  escape  through  holes  made  by  the  needles. 

2d.  The  walls  of  the  cyst  are  stimulated,  so  that  the  fluid  is  absorbed, 
and  thus  the  tumor  is  caused  to  shrink*  This  is,  in  fact,  the  rationale 
^f  electrolysis  in  hydrocele. 
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$d.  Decomposition  of  the  walls  of  the  cysts.     This  takes  place,  \ 
course,  only  when  uninsulated  needles  are  used.     When  the  ncc 
are  insulated  near  to  the  end,  the  walls  of  the  cyst  are  not  acted  on. 

4th.  Evacuation  of  the  fluid  contents  of  tlie  cyst  without  decorapo- 
mtion*  This  result  may  follow  puncture  of  any  kbd,  even  when  no 
electricity  is  used.  It  is  more  likely  to  follow  electrolysis  with  the 
negative  needlci  for  the  reason  that  the  needle,  when  not  insulated, 
acts  on  the  walls  of  the  cyst,  and  enlarges  the  opening  made  by  the 
needle. 

In  operating  on  cystic  tumors  by  electrolysis,  the  best  procedufe  is 
to  insert  a  needle  connected  with  both  poles.  The  positive  needle  may 
be  kept  fixed,  while  the  negative  is  worked  in  various  directions,  so  as 
to  act  upon  all  the  inner  surface  of  the  cyst,  and  also  to  enlarge  some- 
what the  hole  made  by  the  needle  in  the  walls  of  the  tumor,  so  as  ic 
allow  free  exit  of  the  fluid  or  ga,ses. 

Large,  long,  cutting  needles  are  usually  preferable  when  the  tumor  i 
large ;  but  for  small  tumors  almost  any  kind  of  needle  will  answer. 


Fic.  iSt. 
Benign  Cystic  or  Erectile  Tumor,  treated    hy  oniinarj  ekctrolfsb   by 

needles^ 

Qv/at  tamtfr  of  fartkiod 9/  forty ytari  standing;  immidiate  and  permangnt 

by  ilt€trolysitn 

Case  CCV. — Mrs,  H.,  aged  60t  we  first  saw  \\\  conAuUation  with  Dr.  A,  W. 
lio,  of  Brooklyn,  Nov,  9,  1S71. 

For  forty  years  she  had  been  afflicted  with  a  tumor  on  the  fofchead,  wHid ,  in 
Clearance  and  size,  and  in  its  feci  and  coropressibility  at  the  time  we  saw  It, 
resembled  a  ripe  Isabella  grape.  This  ap]3earance  had  not»  however,  been  contli 
Its  hize  vaned,  and  at  one  time,  after  stooping,  it  had  considerably  enlarged,  and  a 
connected  with  it  and  leading  towards  the  upper  part  of  the  nose  t)ecame  swoU^ 
prominent. 

Whether  the  culargenient  wai  erectile  or  cystic  waa  •  matter  of  doubt.     Dr. 
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y,  who  tMw  the  otse  i^ith  us  regarded  it  as  cystic.  The  patient  haa  refuieij 
to  suboiit  to  aiiy  operation  for  thif  radical  cure  of  the  tumor — partly  on  account  of 
of  hemorrhagep  and  consequently  had  worn  the  unpleasant  deformity  the 
atcr  portion  of  her  life.  Nov,  1 1,  1 87 1,  with  the  assistance  of  Drs.  Catlin, 
Cooper^  ami  WyckofT,  local  anxsthe^a  was  u»ed»  and  two  smjiil  insulated 
necctlcs  were  inserted  into  the  tumor  near  the  base^  one  pole  connected  with  the  post* 
live  and  the  other  with  the  negative  pole  of  ten  cells  of  a  portable  Gal vano* Farad ic  Co. 
zinc-carbon  battery  (Fig.  61  )•  Immediately  the  color  of  the  tumor  began  to  lighten, 
through  the  change  of  its  dutd  contents  into  oxygen  and  hydrogen  gases,  and  in  five 
minute*  the  whole  surface  was  almost  colorless,  and  the  tumor  was  much  distended. 
The  needles  were  now  withdrawn  ;  there  was  no  hemorrhage,  but  the  gases  began  to 
escape  at  the  places  where  the  needles  were  inserted.  Dr.  Crosby  now  used  a  little 
pressure,  and  the  tumor  flattened  with  more  escape  of  gas.  Under  repeated  pressure 
still  more  gas  escaped ;  and  in  ten  minutes  from  the  beginniDg  of  the  operation  ibe 
tumor  was  perfectly  flattened.  Gradually  the  residuum  of  the  tumor  disappeared » 
and  in  a  few  weeks  scarcely  a  trace  of  the  long-standing  deformity  existed. 

Cyifu  tumiPT  of  the  itreast,  p&ssihly  malignanf^  trtattd  hy  txtemal  galvanitaiion 
and  eUctrolysis-^Great  rtdiution  in  liMe,  and  appartnt  cure^ 

Case  CCVI. — Mrs.  P.,  a  lady  of  middle  life,  consulted  u-s  December  3d,  1873. 
The  patient  had  a  tumor  in  the  left  breast,  of  the  size  of  a  small  orange.  About  two 
months  had  passed  since  it  was  rirst  observed. 

Both  her  family  physician,  Dr.  Wikoff,  and  another  surgeon  of  eminence  regarded 
tUe  tumor  as  scirrhous,  and  advised  its  removal. 

The  patient^  we  may  remark,  traced  the  origin  of  the  growth  very  directly  to  a 
severe  bruise  of  the  breast  from  striking  against  a  bed-post.  When  we  first  law  the 
case,  the  tumor  could  be  easily  felt  and  grasped  between  the  fingers,  and  seemed 
quite  hard.  The  nipple  was  but  slightly  affected,  and  there  was  no  bvolvcment  of 
the  glands  in  the  axilla. 

There  had  been  little  or  no  pain,  the  tumor  had  not  extended  to  the  akin,  and 
there  was  no  discoloration  ;  except  by  examination  the  presence  of  the  growth  would 
hardly  have  been  suspected.     The  growth  was  quite  movable. 

The  patient  was  of  a  very  nervous  temperament,  and  had  suffered  much  from  neu- 
ralgia. In  spite  of  the  lack  of  very  severe  symptoms,  we  concurreil  in  the  opinion 
of  her  previous  advisers,  that  the  tumor  was  scirrhous.  The  patient  io  dretded  tlic 
thought  of  the  knife  that  she  wanted  to  give  electrical  treatment  a  good  trial. 

We  began  with  local  external  galvanization  with  moderate  current*.  After  one 
week's  treatment  the  tumor  seemed  looser,  softer  tn  portionn,  and  a  trifle  wnalW. 
Subpcquent  treatment  added  nothing  \a  this  appirent  improvement.  We  therefore 
resolved  to  use  galvano-punctnre. 

December  31st,  we  inserted  two  needles  into  the  part  of  the  tumor  that  wa»  mciit 
superficial ;  one  needle  was  connected  with  the  potitivc  and  the  other  with  the  nega- 
tive pole. 

Ether  spray  was  used  before  the  needles  were  introduced.  The  nc«llei  had  not 
been  in  position  more  than  five  minute  wlun  a  fiuid  at  tehrhft  at  wattr  hignn  io 
flow  Ota  of  the  places  where  they  were  hiscrt«d»  ud  on  prewire  the  quantity  that 
came  away  was  much  increased,  and  more  or  less  Howod  out  during  lh«  whoto  optfa- 
tion,  wliich  luted  fifteen  mtamc^. 
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When  the  needles  were  vHlhdrawn,  and  presore  wms  used,  still  more  fluid  cni 
and  the  tunior  had  become  reduced  two-thirds  in  sue.     The  tumor  was  e^ndoll) 

January  2d  and  January  Slh,  we  again  operated  with  Dr.  Beard *s  long  cnttiB^^M 
mthout  assistance  and  without  ancesthesia,  so  as  to  reduce  the  tumor  to  11  miBln 
and  if  pos&ible  cause  absorption  or  atrophy. 

At  the  second  operation  a  less  quantity  of  fluid  exuded,  and  still  lesa  At  the  lIN 
operation.  The  patient  left  for  home.  We  occasionally  hear  from  bo*,  ami,  ii)it» 
the  date  of  writing,  the  tumor  has  not  resumed  its  originnl  sice,  tnd  dor  ^M.  nnf 
way  trouble  her. 

In  the  above  case  one  of  three  results  are  possible  : 

I  St,  The  tumor  may  remain  comparatively  small,  causing  no  aTjnoy- 
ance  to  the  patient.  This  result  we  have  seen  in  other  cystic  tumori 
(though  not  in  the  breast),  from  the  same  method  of  treatment  that 
was  adopted  in  the  present  case. 

2d.  The  tumor  may  again  fill  up  with  fluid,  and  may  require  a  repe- 
tition of  the  same  treatment. 

3d,  It  may  take  on  I  he  scirrhous  form.  It  is,  of  course,  possible  thai 
the  walls  of  the  growth  may  already  be  of  a  scirrhous  character.  Evea 
if  it  should  prove  to  be  a  scirrhous  growtli,  it  would  not  follow  thatrei 
moval  would  be  at  once  indicated. 

If  in  the  above  case  there  should  ever  be  a  rapid  and  ugly  recurrcnd 
of  the  tumor,  with  threatening  indications  of  any  kindi  the  method  0 
electrolyzing  the  base  would  be  indicated,  the  knife  or  the  galvamo 
cautery  being  used  to  remove  the  body  of  the  growth. 

Cystic  tumor  of  the  suhmaxii/ary  regian^  prabaMy  malignant ;  thrtt  oJ^erati9n$* 
Elictroiysls  of  the  Imse — Rapid  healing  with  slight  disfigurement — Ptrwumik 
iunessful  result. 

Case  CCVll Miss »  a  young  lady  in  her  teens,  was  *cnt  to  t»  March 

1872,  by  Dr.  Wm.  VV,  Reese.  The  patient  wa*  of  a  fragile  constitution,  and  had  \l 
come  debUitateil  hy  confinement  in  the  stifling  air  of  a  manufactory  *  here  the  wl 
employed.  For  one  year  she  had  been  troubled  with  a  tumor  on  the  sabiiuuiillu 
tegion  of  the  left  side,  that  was  at  first  supposed  to  be  simply  an  enlarged  gUod, 
did  not,  however,  yield  to  the  usual  treatment  that  various  physicians  and  sarKOii 
bad  given  her,  and  at  the  time  we  saw  it,  it  was  about  the  si/e  of  an  Engli&h  ualnuf 
and  was  apparently  encysted.  Lancinating  pains  of  a  tolerably  severe  cliarict 
were  sometimes  felt  in  and  near  the  growth. 

Careful  examination  made  it  pretty  clear  that  the  enlargement  was  cystic ;  that  a« 
mhstance  was  inside  of  it,  although  the  walls  were  quite  hard,  March  ayih,  »i^ 
the  assistance  of  Drs.  Reeic  and  Hyde,  we  elect rolyied  a  portion  M  th«  growth^ 
foQnd  that  it  was  reaUy  cystic  and  contained  a  dark,  cheesy  substanocL  I1te  {MM 
was  fully  etherized  during  the  operation,  which  lasted  forty  minutes.  Large  anl  V^ 
needles  were  employed,  and  sixteen  zinc-carbon  cdlj. 


CASE  OF  MALIGNANT  CYSTIC  TUMOR. 


^7 


rhe  operfttton  was  followed  for  two  days  by  irritative  fever,  but  by  no  other  un* 
pIcLsant  result.     There  was  considerable  slo«g!>iiig,  but  the  bulk  of  the  growth  re- 
Itiftincd  as  a  large  unsightly  mass.     April  14th,  we  again  operated  by  working  up  ih* 
W^if  of  the  tumor,  undermriiiiTij  it  ami  scparAiing  it  from  the  surrounding  Healthy 
Bissite.     Dr.  A.  B.  Crosby  assisted  at  the  operation,  and  enucleated  a  portion  of  the 
Kiass  before  the  needles  were  inserted.     The  irritative  fever  was  slighter  than  after 
^he  previous  operation.     An  ulcer  \\  inches  in  length  and  a  half  an  inch  in  depth  re- 
mained— the  surface  presenting,  as  usual  after  electrolytic  operations,  a  charred  ap- 
pearance which  at   first  alarmed  the  patient.     The  subse<:|uent  healing  was,  in  the 
judgment  of  all  the  surgeons,  surprisingly  rapid  and  satisfactory.  Dr.  Crosby,  in  proper 
time,  brought  the  edges  together,  and  thus  expedited  the  reparative  process,  so  that 
at  the  end  of  a  month  only  a  trifling  scar  remained-      At  one  of  these  operations  the 
parenchymatous  hemorrhage  was  excellently  controlled  by  the  action  of  the  current, 
and  no  other  styptic  was  required.     The  patient  had  now  positively  improved  in  her 
general  health,  and  was  free  from  any  sign  of  the  disease.     It  was  hoped  by  all  par- 
ties that  she  would  hear  no  more  from  the  tumor.     It  had  been  suspected  at  the  close 
of  ibc  operation  that  a  small  portion  of  the  growth  remainetl,  but  it  was  not  dcrmcd 
flbdvisabte  to  protract  the  operation. 

Very  soon  pains  of  quite  a  severe  character  began  to  be  felt  just  beneath  the  skin 
lill  the  region  of  the  sublingual  gland ;  then  followed  swelling,  and  in  a  few  weeks  a 
Bitmor  as  large  as  a  liorse-chesmut,  of  the  same  appearance  and  feel  as  the  previous 
^k-owtb.  We  decided  to  operate  again,  this  time  with  absolute  thoroughness ;  the 
Hume  surgeons  being  present.  Dr.  Crosby  made  an  incision  and  enucleated  the  growth, 

the  operation  being  completed  by  elect roly3»t ion  with  large  needles  as  l>cfore, 

—      Thi  liiork  was  tfwrougmy  dom  ;  the  hast  was  thoroughly  tUrtrolyted  (Fig.  1 93). 

■>urtng  the  operation,  a  branch  of  the  facial  artery  was  severed  by  the  needle  ;  thuwai 

^ied  by  Dr.  Crosby.    The  wound  was  treated  as  before  and  with  the  same  result — ^ra|nd 

and  satisfactory  healing,  that  has  been  permanent.     The  scar  di«>figure5  but  slightly, 

while  the  patient  has  improved  in  her  general  health,  and  at  the  date  of  writing,  three 

jrears  after  the  last  operation,  weighs  much  more  than  at  the  time  of  the  opcraiion. 


Electrolysis  of  the  base  of  the  malignant  cystic  tumor  of  the  neck,  alter  removi^ 
.f  the  tumor  by  enocleatinm  Long  negative  needle  mampiUted  by  tlic  operstori 
connection  maie  by  a  similar  positive  needle  also  In  the  bsse^ 
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The  above  was  one  of  the  earlier  cases  in  which  the  method  §f  tUt 

irolysis  of  ike  base  n^as  employed. 

Unfortunately  the  tumor  was  not  examined  by  the  microscope.  The 
evidences  of  malignancy  of  the  tiiraor  were  its  recurrence,  after  cnu* 
cleation  and  ordinary  electrolysis,  the  facts  that  it  seriously  affected  the 
general  health  of  the  patient,  and  that  her  health  greatly  improved  when 
the  tumor  was  finally  removed. 

Hydatids  of  the  Liver. — Durham  and  Forster*  have  treated  eight 
hydatid  tumors  of  the  liver  with  success  by  electrolysis  at  Guy's  Hospi- 
tal and  the  Royal  Infirmary  for  Children,  Waterloo  Road. 

•*  In  one  patient,  who  was  under  the  care  of  Dr.  Hilton  Fagge^  and  who  wai 
operated  upon  by  Mr.  Durham  in  June,  fS68,  I  he  duiness  in  the  hepatic  regioQ 
measured  seven  inches  verticaliy.  the  ribs  on  that  aide  were  bulged,  and  the  interoosul 
spaces  prominent.  Two  needles  were  inlrotlitced  into  the  moft  prominent  part  of  ifat 
swelling,  one  piercing  the  space  between  the  eighth  and  the  ninth  costal  cajtilagBv 
and  the  other  about  two  inches  behind  it*  between  the  ninth  and  teDth  Hbs.  The 
needles  passed  in  to  a  depth  of  two  or  three  inches.  One  of  them  was  evidently  free 
in  the  fluid,  for  it  could  be  moved  about  and  rubbed  against  the  other.  The  posterior 
needle  doubtless  passed  through  the  diaphragm,  as  it  was  jerked  about  by  the  respir*lo«y 
movements.  Both  needles  were  connected  w  ith  the  negative  pole  of  ten  ceil*  of  the 
battery,  freshly  charged.  The  positive  pole,  connected  with  a  moistened  condacior, 
was  placed  between  and  near  the  needles.  The  current  was  allowed  to  p«»  fof  tweotX' 
five  minutes,  and  during  this  time  there  was  a  crackling  feeling  under  the  finger  u 
of  emphysema,  owing  to  the  development  of  hyrlrogen  from  the  liquid  of  the  cyd- 
After  the  operation  there  was  some  pain  for  four  or  five  hours.  In  the  eveniag  the 
temperature  was  100.9**,  *"^^  the  patient  did  not  sleep  well  that  night.  Next  day  the 
temperature  was  99*6''^  and  on  the  morning  after  it  had  risen  to  101,2*'.  At  ihisttiae 
the  hypochondriacal  tumor  bad  greatly  disappeared,  and  the  man  expressed  himself  at 
feeling  f^uite  wclL  On  examining  the  right  side  of  the  chest,  however,  Dr.  Fagge 
was  a  little  startled  at  Ending  absolute  dulness  behind,  up  to  the  fourth  or  fifth  dors&t 
vertebra  ;  and  over  this  extent  of  thorax  there  was  less  vocal  x-ibration,  marked  tttho* 
Iftr  respiration,  and  legophonic  character  of  the  voice,  which  afforded  conclusive  evi- 
dence of  a  large  effusion  of  fluid.  There  was  very  slight  pain  about  the  poiau  vfaeif 
the  punctures  had  been  made,  but  no  pleuritic  pain.  The  man  lay  on  his  bade,  aad 
was  quite  comfortable.  The  liquid  had  evidently  been  squeezed  through  tlie  pmcture 
in  the  diaphragm  into  the  pleural  cavity.  The  man  went  on  perfectly  well,  uid  the 
chest  symptoniE  disappeared  entirely.  Twenty  days  after,  all  traces  of  the  abdomioai 
tumor  had  disappeared/^ 

Fibroids, — Fibroids  are  usually  hard,  and  therefore  slo^  to  decompose 
under  electricity.  Thfs  is  tnie  of  all  fibroids,  wherever  situated, — io  the 
neck  or  any  portion  of  the  penphery,  or  in  the  uterus.  Inasmuch  as  they 
are  not  tisuaOy  malignant,  the  method  of  electrolyzing  the  baic,  here- 
after  to  be  described,  is  not  needed.     They  are  to  be  treated  by  ordinaiy 

^  Althaus^  op*  dt,  p,  645.     See  also  Med.  Times  and  Gaz.,  ^m.  t9th^  tSja 
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electrolysis,  needles  connected  with  both  poles  being  inserted  in  the 
tumor.  The  needles  may  be  insulated  or  non -insulated,  according  to 
the  situation  of  the  tumor. 

The  behavior  of  fibroids  after  electrolysis  is  not  generally  satisfactory ; 
the  amount  of  decomposition,  on  account  of  the  density  and  compara- 
tive dryness  of  the  tissue,  is  but  slight ;  and  the  subsequent  shrinkage 
and  atrophy  is  not  so  marked  as  in  goitres  or  cystic  growths. 

If  a  current  of  sufficient  strength  be  used,  the  patient  being  anaesthe- 
tized, suppuration  may  be  excited,  and,  as  a  result  of  the  destruction  and 
loss  of  tissue,  the  tumor  may  become  somewhat  smaller. 

Rtcurreni  fihr&id  tttm^fr  0/  a  ytar'i  Handing — Repeaiid  ElettrofyMaiicni  without 
tiJuriiation  and  attended  with  trijting  piiin — Arrest  of  GrowiA — Gradtml  d§' 
eriOie  in  the  she  of  the  tumor^ 

Case  CCVIII.— Mrs.  P,,  a  lady  of  middle  age,  was  directed  to  01  by  Dr.  F.  Win- 
ston in  February,  1871, 

On  exAmmation,  we  found  tinder  the  right  ear  a  large  tumor,  soft  and  moirmblet 
and  equal  in  size  to  the  closed  fist.  The  enlargement  was  of  the  recurring  fibroid 
charactert  entirely  painless^  bat  most  unsighlty  in  appearance.  The  patient  fif^t  ob- 
•erved  the  growth  some  ten  yean  since,  when  itt  site  was  barely  appreciable.  It 
gradudly  enlarged  until  it  attained  the  «ue  of  aa  ordinary  ben's  egg,  and  was  removed 
by  the  late  Dr.  Cl>ee5cman. 

A  few  months  subsequently  it  made  its  appearance  a  lecood  ttme»  and  tteadOy  en 
larged,  until  at  the  expiration  of  three  yean»  its  size  was  somewhat  greater  than  whed 
the  firil  operation  was  peHbrmed. 

It  was  again  removed  by  Dr  Witlard  Parker,  but  in  coune  of  lime  retomedL  Tlii 
patient  was  now  imwUling  to  have  the  operation  by  the  knife  repeated,  and  for  levcii 
years  the  tumor  slowly  increased  to  the  site  ftboire  itated. 

To  afutd  any  possibility  of  excitiiig  an  actio«)  tn  the  tumor  tliat  iidi|^  mder  It 
tmly  malignant  in  character,  we  at  first  made  oae  only  of  exienkal  gajumidflitioii. 

After  a  doxen  a))plications  no  change  could  be  perceived  in  its  outward  coofoniM* 
tion  ;  but  that  t  he  treatment  had  not  been  witboot  some  effect  wai  manlfetf  «d  from 
the  Tact  that  the  head  could  now  be  turned  m  any  db-ection  wilbottt  eantrng  the  dtv 

roof  the 


agreeable  and  someUmes  paunJal  1 
deep  portion  of  the  grovtit  oa  tibe  \ 

We  now  decided  to  tij  the  onli 
duced,  an  inch  into  the  CiODor,  ft  • 
Ttse  application,  allcmatln^  wllb 
times  during  the  eome  of  two  mm 
shape,  i&  well  as  a  aaHced  4 
a  large  {|iiaatity  of  finec  fctydwff  |p 
foUowed  by  a  ificlt  Sow  olhfeod. 

At  ttm  time  twto  »ecdlei  wtve  ■! 
with  the  poBtm  poie.  It  iImmU 
cells  had  bee*  «ed,  aad  tiK  cMia 
crease*!  tbecdk  lo  tmtanLj^  mA  fa 


I  that  had  fbnnerly  CsUowed  | 


'  RKihod  of  ciactfolyrf^  sad  ■eoordfaicly  btio- 
e  iMhtad  to  wiihb  half  «  ladionu  potet. 
snal  cadvaMtatloOy  via  rtpcilcd  ioim  twelvt 
,  flKlvtmltadhiavciydacidfldtllirsdOAbUii 
liifheiiaeolthtfrMk  AHerciditfpffilkp 
•  eicaped  fhioi^  tht  opniae  ««^  %r  Cht  Mtdlf, 

BA--4he  MOMidaM  «f  pliiiaHa,  mdk  imwaiul 
be  «jtod  ita  fmvicMly  aolf  %m4im 
t  laopud  to  pMi  M  loi  wkmm.    W« 
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the  ensuing  winter    -^ ^^ 
it  was  reduced  to  ^z;^  ZTl 

MTedp  in  a  pni  tjnr  ^  ^^^_^  J 


bat  when  they  vvcre  mlbdra\yn,  ntither  gas  nar  blood  escaped,  and  yet  It  wa*  i 
lutely  certain  that   the  current  had  been  passing;  every  momentt  and  with 
greater  than  in  previous  operations. 

In  a  few  hours  the  tumor  and  tissues  surrounding  it  became  greatly  swollen,  t 
panied  hy  very  considerable  pain* 

The  pain  and  swelling  were  relieved  by  a  poppy  poultice^  but  a  sligbt  disdiarge  c 
tinued  through  the  months  of  July  and  August,  during  which  Itme  treatment  ' 
termiited.     In  September,  when  the  patient  returned  to  the  city,  the  disichargc,  wliii 
had  ceased  two  weeks  previously,  had  evidently  resulted  in  a  stUl  further  reduction  of 
the  Ittmor. 

The  treatment  was  resumed,  and  continued  at  intervals  during  the  ensuing  winter 
and  spring.     The  cPTcct  was  a  slow  but  constant  decrease,  until 
about  one- third  its  original  size. 

At  one  time  during  an  intCFval  in  the  treatment  the  patient  observed,  in  a  portio 
of  ijje  tumor  to  which  the  needles  had  not  l>een  applied,  a  projection  whicb  rapidly  ^^^Jy 
enlarged  until  it  was  one-third  of  an  inch  in  diameter,  and  extended  downwanl  into  th^rr^^jj^ 
healthy  tissue  for  more  than  an  inch.  A  single  needle  was  introduced  into  thi*  ujr-^t-^^_ 
welcome  addition,  and  a  mild  current  allowed  to  pass  for  ten  minutes.  The  proccc^^^^^ 
of  absorption  wa^  excited,  and  in  two  wecki  this  protuberance  completely  disappeare-^^^^^ 

It  is  interesting  to  note  in  this  description,  that  while  the  growth  was  sluwly  ^c^:^^^ 
steadily  enlarging  before  the  use  of  needles,  it  did  not,  after  the  treatment  by  cieLti 
Jysis  was  begun,  show  the  slightest  diNposition  to  increa^  iu  those  parts  actUflily 
fluenced  by  the  current — although  at  one  time  several  months  elajssed  betwiecn  ^kM 

operations.     Subsequently  what  remained  of  the  tumor  was  again  lemov^  by  Zr~^ 
Parker. 

\Vhile  the  above  case  cannot  be  cited  as  a  brilliant  result  of  elcc  tjq* 
lytic  treatment,  it  is  of  exceeding  interest,  and  has  afforded  manytis^/y/ 
hints  that  have  been  of  value  in  other  cases.  The  pain  of  introducr/l^^ 
tlie  needles  was  trivial  ;  and  the  electrolytic  action,  even  when  it  was 
very  intense,  produced  little  or  no  sensation  ;  consequently  it  was  atnc 
time  necessary  to  use  chloroform,  and  the  treatment  was  as  readii^ 
borne  as  if  the  applications  were  merely  external 

Fii^r&ids  &f  the  uterus  are  of  sufBcient  importance  to  be  speciall^^ 
considered.  They  may  be  treated  electrolytically,  either  through  th^^ 
vagina  or  through  the  abdoiwinal  walls,  according  to  the  position. 

llie  danger  of  creating  peritonitis  by  thrusting  needles  through  ihi 
abdominal  walls  is  but  slight  ;  and  if  the  needles  are  well  insulate  '  " 
rubber,  there  is  really  no  danger.     The  insulated  part  should,  of  con 
go  l>eyond  the  peritoneum, 

Dn    Kimball,  of   Lowell,   reports  excellent   results  from    treatii 
fibroids  in  this  way.     Ottr  own  observations  in  this  direction  have  n< 
been  of  the  most  encouraging  nature.     We  have  never  seen  a  large  aix« 
hard  uterine  fibroid  tumor  disappear  under  electrolysis.     Relief  of  pais 
of  neuralgia  and  anaesthesia,  and  of  many  of  the  attending  symptoms^  • 
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harft  maoy  times  obtained,  but  never  a  complete  or  approxunate  dis- 
persion of  the  tumor* 

Lipomata  (Fatty  Tumors), — Ordinary  surgical  treatment  with  the 
knife  is  so  successful  for  fatty  tumors,  that  electrolysis  would  hardly  be 
indicated,  even  if  it  could  accomplish  as  much  and  as  easily  as  the 
knife.     Fatty  tumors  are,  of  course,  benign  ;  and  when  operated  on  do 

[  mot  recur.  Fat  decomposes  slowly  and  with  difficulty,  and  from  our 
first  experiments  on  a  number  of  fatty  growths,  we  were  led  to  be- 
lieve that  secondary  absorptive  effects  would  not,  as  a  rule,  follow  elec- 
trolysis. Dr.  Rockweirs  later  experience,  however,  in  this  direction, 
has  been  more  satisfactory.  By  using  an  increased  number  of  needles, 
more  powerful  currents,  and  by  prolonging  the  operations,  several  of 
these  tumors  have  been  completely  dissipated.  In  every  case  the 
operations  were  rendered  entirely  painless  by  the  use  of  the  ether  spray. 
Ovarian  TumfV-s.-^The  electrolytic  treatment  of  ovarian  tumors  has 
of  late  excited  much  attention,  and  we  can  do  no  better  than  to  give 
briefly  the  conchisions  arrived  at  by  Dr.  Paul  F.  Mund^,  in  a  very 
creditable  resmnk^^  of  what  has  been  attempted  and  accomplished  in 

I  this  department  of  electro-surgery. 

He  fmds  ;  ist,  **  That  a  number  of  ovarian  tumors,  reported  on  re- 
liable authority,  have  been  completely  cured  or  pennanently  improved 
by  electrolysis — out  of  fifty-one  cases,  twenty^eight  or  about  fifty-five 

I  per  cent. 

2d,  "  In  a  number  of  these  cases  electrolysis  was  followed  by  dan- 
gerous (thirteen,  or  25,4  per  cent.)  and  even  fatal  results  (nine  out  of 

I  these  thirteen,  or  1 7,6  per  cent,  of  the  whole  !ifty-one. 

3d,  "  Further,  six  cases  out  of  fifty-one  received  neither  benefit  nor 

^injury  from  the  treatment,  and  four  were  only  temporarily  improved; 
total,  ten,  or  19.6  per  cent.  We  thus  have  a  total  of  twenty  three  cases, 
or  forty-five  per  cent,,  in  which  the  electrolytic  treatment  failed  to  ac- 
complish the  object  for  which  it  was  administered.  ,  ,  .  « 

6th,  "Notwithstanding  these  undoubted  cures,  the  percentage  of 
successes  of  oophoro-electrolysis  (55  per  cent,)  compares  unfavorably 

,  with   that  of  ovariotomy  (70  to  So  per  cent.  ;  Spencer  Wells  7S  per 

^ccnt,,  in  1876  as  high  as  91  per  cent.).  And  so  also  do  the  deaths  by 
electrolysis  (17.6  per  cent.)  neariy  equal  those  following  ovariotomy 
hi  recent  years  (20  to  30  per  cent,  to  22  per  cent.),  and  far  exceeding 
those  occurring  in  the  last  series  of  fifty -five  cases  of  Spencer  Wells 

r(<ivc,  or  9  per  cent.)/* 

^*The  Value  of  Electrolysis  in  the  TreAtraent  of  Ovarian  Tumors,*'  by  Paul  F, 
Mand^,  M.D..  New  York,  Gynarrologicai  Traasoctious^  187S. 
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Polypi. — Nasopharyngeal  polypi  have  been  treated  by  a  series  of 
electrolytic  operations  with  success.  Von  Ilnins  records  a  notable  case 
of  this  kind.  As  a  rule,  however,  it  would  be  difficult  to  entirely  cure  a 
nasopharyngeal  polypus  by  electrolysis,  and  the  treatment  would  be 
very  annoying.  Polypi  in  accessible  localities  are  best  treated  by  the  ^^^ 
galvano-cautery  wire-loop. 

Epithelioma^  Scirrhus^  and  other  Malignant  Growths. — Malignant  :^- ^^-w^* 
growths  may  be  defined  clinically  as  those  growths  which  are  lialfU  ^•'^s^^j^ 
recur  after  removaL 

Under  this  head  may  be  classed  epithelioma,  recurring  cysts  anc^  ^-^^ 
fibroids,  encepbaloids,  scirrhus,  and  so  forth.     If  tumors  of  this  kiufl^  .^mj 
are  to  be  treated  at  all  by  electricity  in   the  hope  of  permanent  relie  T=^^f 
it  should  be  by  the  method  oi  electrolysis  of  the  base  as  already  descril^^  ^5 
ed,  provided,  of  course,  the  tumors  are  sufficiently  accessible. 

Pain  may,  however,  be  relieved,  and  in  some  cases  a  reduction 

size  may  be  gained  by  the  ordinary  method  of  electrolysis,  or  by  sim^g 3Je 

external  galvanization  or  faradization  ;  and  by  these  methods  also  ^^^the 
tumor  may  be  arrested  in  its  progress  perhaps  for  a  long  time. 

Of  the  different  forms  of  malignant  growths,  the  best  prognosis  fo:^    ijg 
permanent  cure,  or  for  a  long  deliverance,  is  in  recurring  cysts  ^^«i}(j 

fibroids  ;  next  would  come  epithelioma,  of  which  we  have  successfi zmlh 

treated  a  number  of  cases,  and  last  of  all  scirrhus. 

Cancers  of  the  neck  of  the  utenis  have  been  removed  by  ga1vaK.f}o 
c«\utery,  but  not,  so  far  as  we  know,  by  electrolysis  of  the  base. 


Fig.  11^4. 

Remoral  of  epitlieUoma  of  face  by  elect roly<sis  of  base.  Both  negative  and  posttii 
needles  inserted  in  the  healthy  tissue  beneath  the  tumor. 

Sptthelioma  ef  the  fate^  originating  in  an  ohi  scar,  six  months*  standings  rt 
by  a  comh'nation  tf  r/ectn^fysis  of  th€  hose  and  the  galvano-cautery. 
Case  CCIX.— Captain  D.  was  brought  to  us,  April  27,  1873,  by  Dr.  Y\ 
den.     The  patient  had  a  tumor  that  appeared  to  be  an  epithelioma,  about  the 
of  a  small  walnut^  over  the  zygoma.     It  had  developed  from  an  old  scar  that 
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dsted  from  childhood.  When  he  was  first  brought  to  us  the  tumor  had  been  io 
existence  six  months.  It  had  been  treated  by  catistics,  but  rapidly  recurred.  We 
decided  to  treat  the  tumor  by  tUctrotysts  0/  the  hase,  combining  with  it  the  galvajio- 
cautery,  if  necessary  or  con veu lent,  in  order  to  shorten  the  operation. 

April  30th,  Wc  opcratetl,  assisted  by  Dr,  Fessenden,  who  g^avc  the  anie:sthetic  for 
ten  mmutcs,  with  eighteen  zinc-carbon  cells.  We  used  the  long  cutting  needle,  piM- 
ing  que  connected  with  the  positive  pole  undtr  the  tumor  near  the  edge,  and  another 
long  catting  needle  coinected  with  the  negative  pole,  also  under  the  tumor,  and 
parallel  to  the  positive  needle.  The  electrotyttc  action  was  moderately  strong,  and 
the  growth  was  rapidly  loosened.  The  positive  needle  became  fisted  in  the  ttttue 
where  it  was  imbedded,  through  the  oxidization,  as  is  always  the  case  with  the  poii- 
tive  needle,  while  around  the  negative  needle  a  yellowish  foam  appeared,  caused  bf 
the  mingling  of  the  hydrogen  evolved  with  the  blood.  The  needle  was  very  loose  ill 
the  tissue,  and  we  worked  it  slowly  to  the  right  hand  and  left  until  the  tumor  wai  un- 
dermined  by  the  electrolytic  action,  and  nothing  remained  but  a  portion  of  the  ftkin. 
We  completed  the  o|>eration  by  a  short  wire  connected  with  Byrne'*  galvano-cautery 
battery.  After  the  tumor  was  removed,  we  worked  up  the  baskC,  partly  with  the 
needles  and  partly  by  the  heated  gal vano-cautcry  wire. 

Both  needles,  positive  and  negative,  were  plunged  into  the  base  and  edge  of  the 
tumor,  into  liealthy  tissue,  until  all  was  bloodless,  charred,  and  dry.  Scarcely  «oy 
blood  flowed  during  the  operation. 

The  patient  was  soon  able  to  leare  the  ofieratifig-rooin.  CoM'Water  dressing  only 
was  used.  Some  sloughing  followed,  and  satisfactory  granulation.  In  itix  weekt  the 
sore  had  completely  healed,  with  a  moderate  cicatrixy  and  at  the  date  of  writing» 
Sept.  ist.  [S74«  seventeen  mootJtt  from  the  time  of  opcrmtioti,  there  are  no  signs  of 
recurrence.  The  growth  was  fyaminrd  miczoscopically  by  IH^  Ormiktotir  osd  by 
hJTn  prononnced  malignant* 

Large  and  painful  Mpitkelhma  ef  the  upper  lip  of  i€Vtral  m&ntk/  standi rtg^  If t 
mopal  fy  ordinary  eUcirelynj  and  the  meikod  of  working  up   ihi  buu-^SaUM* 

■  fa€tory  healing. 

■  Case  CCX.— Mis* ,  aged  20,  was  brought  to  tis  by  Dr,  Coiry,  Oc(ol»cr  a  J, 

1S71,  to  be  treated  for  an  eptLhelioraa  of  the  apper  lip  that  bad  dislre»tcd  her  for 
several  months^  At  tMs  time  tile  growth  exteoded  from  the  nfftiaa  Use  t^  the  lefl 
comer  of  the  lip,  bexng  olioat  ooe  bdi  in  «fiaifirtrr  end  oo^'^ialf  mk  focil  la  kaftK 
The  pain  of  the  pwrrtli  woa  at  tjmei  very  C^et,  cspedoily  when  capot^d  Iq  llie  a>M  \ 
the  dbfigoreneot  vas  anaoying;  and  there  was  aa  evident  Icodaacy  t^  ^fdAm  W^ 
increase.  At  the  base.  o«  the  aner  nrlaoe  of  tha  Up  mtA  ayerialjy  aft  tlia  comer, 
bard  nodules  were  eas%  delected  by  t^  fm^,  WkH  tbe  MJiiaaor  of  ^.  Corey, 
and  in  the  prenoe  ol  a  sanber  of  pbysidsai^  we  cleolfolyaed  tilt  «ppir  ponkMi  of 
the  growtii  witb  five  ssaril  oeedBn,  tbrae  cottaecfal  aittb  the  wsgpikim  wmA  two  wii b 
the  poflttfe  polcL  FaD  aamhcita  was  wmA^  mA  tfco  op«ntbo  t^lod  ivenly 
minutes.  The  aaedles  «0e  JawiteJ  dvocify  faio  Cbe  bod^  ol  the  \mmt  iod  AOi 
aroand  the  base.  TW  acAodaf  voridif  ^p  fibe  fa^i;,  «•  Ind  aot  al  ftl«l  tlni 
bepiato  ciB|ilof .    The  leit  parts  of  tiietaHMr  Is  dn  ffabrity  of  the  mpA^fm  poli 

iihiapidiiy*    A  yaJo^lA  fe^  wm  d<iiiepod»  arlddbp  forrfag  Jftiway 
tike  scab  due  csa«o«d  ibe  tattor,  gradMdly  Ifftad  It  ap  ai 
detached  it  fr»  tig  badraCtbegopfk 
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The  parts  presented  the  uiual  charred  appevaace  ftfter  the  operatioii,  bit  iIhk 
was  little  or'  no  pain,  either  in  the  tumor  or  in  the  vicinity.  There  was,  hcmevrt, 
considerable  irritauve  fever,  and  the  face  was  somewhat  swollen.  Id  llie  courw  gCt 
weekt  the  portion  of  the  di&eased  part  that  had  been  electrolyzed  b^an  to  cocitnd* 
and  near  the  median  line  healthy  itss^ue  appeared.  The  lower  part,  that  wa&  Ixttlr 
affected  by  the  needles,  remained  as  before.  Nov,  9,  we  again  oper^ioi  by  dw 
method  of  electrolysis  of  the  base  with  four  negative  and  one  positive  needle  with  tic 
iAuie  number  of  cells  (sixteen  zinc-carbon)  and  for  about  the  same  time*  Dt.  Corcj 
aJmini&tcred  the  anossthelic,  and  Drs,  Armor,  Caldwell,  and  others  were  pmcttt.  T)ai 
operation  wo-s  more  thoroughly  ])erfornied  than  the  previous  one,  but  Ibe  needki 
were  not  inserted  into  the  nodules  or  the  inner  surface,  but  only  into  the  supcr&iii 
parts  of  the  growth.  No  bad.  result  followed^  and  by  Nov.  27th  the  tumor  hftd 
contracted  to  one-third  of  its  original  sixe  and  was  healing  rapidJy,  The  beolmf 
process  continued  until  scarcely  any  trace  of  the  disease  remamed-  The  healing  wtt 
almost  [jerfect ;  there  was  on  entirely  natural  skin  in  the  region  where  the  tnmtir  h&i 
formerly  existed,  and  the  only  cicatrix  was  at  the  corner  of  the  mouth.  Twitches  of 
pain  have  been  felt  in  the  vicinity  of  the  scar,  especially  on  exposure  to  cold,  giving 
rise  to  the  sui>picion  that  possibly  that  portion  of  the  growth  was  not  thorottgliif 
treated. 

It  is  now  three  years  since  the  patient  was  treated,  and  the  recovcij 
may  be  regarded  as  most  satisfactory.     In  reference  to  this  case  it  cn^ 

be  remarked  :  — 

1,  If  the  diseased  mass  had  been  thoroughly  separated  from  the 
suiroundmg  healthy  tissues  by  inserting  large  needles,  one  operation 
would  have  been  sufficient,  and  the  cure  would  probably  have  becii 
absolute.  This  was  the  first  case  of  the  kind  that  we  had  treated,  aod 
we  had  not  then  employed  the  method  of  working  up  the  base,  and  hid 
not  devised  the  long,  sharp,  double-edged  needle  which  we  now  employ 
ill  the  electrolyzafion  of  large  growths. 

2.  There  was  scarcely  any  heniorrhage  or  other  unpleasant  sytup- 
tonis  during  or  after  the  operation,  excepting  the  irritative  fever  of  which 
we  have  spoken. 

Epithtlial  catuer  in  a  lady  aged  thirty^  in-ffoiving  ihe  rectum^  vagifia^  ami  tfUr* 
nal  parti — Etmen  operations  by  ordimtry  elecir&iysis  and  eUetr^lysit  0/  iJke  fmti  f*- 
move  the  growths^  aileviatt  pain^  and  modify  very  greatly  the  rapidity  wOA  ipltfl 
the  disease  subsequetttly  reappears — Subsequent  treatment  by  gaivanth^oMtfty  ^  he. 
Byrne^  with  reiief^Death  of  the  patienL 

Cask  CCXl — The  wife  of  a  physician,  aged  about  30.  had  for  eight  years  of  Jwi 

marrieil  life  suffered  from  what  was  supposed  to  be  scirrhus  of  the  rectum,  which  W 
been  removed  by  ligatures  at  different  times  and  by  different  surgeonSi. 

About  three  years  before  we  saw  her,  an  epifhehal  cancer  appeared  at  tbcoitniiCe 
of  the  vagina;  this  gradually  increased  in  size  and  protruded^  until  d 
appeared  to  be  about  one-half  as  large  as  a  cauliflijwer.  and  much  re 
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appearance.  The  di^lmrge  was  very  profuse  and  very  oHendvc ;  the  pain  lerrible  and 
almost  constane.  The  growth  was  evidently  increasing,  and  only  with  difficulty  could 
the  patient  walk  al>out  the  house. 

A  more  distressing  case  of  disease  of  any  kind  we  had  never  seen.  After  each  re- 
moval of  the  mass  by  the  ligature,  it  would  spring  up  almost  before  the  sight  and  be- 
come krger  than  before.  There  was  about  it  a  rankness,  a  fierceness,  a  malignity^ 
quite  onusual.  Like  rampant  weeds  in  rich  soil,  the  more  it  was  cut  off,  the  faster  ir 
grew,  Escharoiics  of  all  kinds,  as  well  as  cundurango,  had  been  tried,  the  lattd 
remedy  seeming  to  do  injury. 


^■^ 


tia.  185, 
Epithelioma  of  the  vagina  and  vulva*   Cauliflower  appearance. 


Appearance  of  graaulating  base  after  removal  of  a  portion  of  the  epithelioma  of  vagina 
and  vulva  by  electrolysis. 

The  galvano-caulcry  had  been  suggested  jy  Dr.  E.  R.  Pcaslee,  whom  the  patient 
consulted,  and  Dr.  Byrne  had  intended  to  give  it  a  trial,  but  deferred  the  operation 
in  order  to  experiment  with  cundurango.  We  began  treatment  with  external  gnlva- 
latation  in  order  to  relieve  the  pain.  The  first  treatment  accomplished  nothing  ;  the 
third  treatment,  we  connected  an  instdated  rectal  electrode  with  one  pole,  while  the 
4S 
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tte  vagina  was  not  seriously  altered.  Wc  have  all  along  feared  that  the  disease  would 
ntcnd  to  the  uterus,  but  examinatioos  made  at  different  times  gave  no  evidence  of 
ittfblvement  of  that  organ. 

The  operations  were  performed  with  a  zinc-carbon  battery  of  eighteen  cells, 
ftcdily  charged. 

The  constringing  power  of  the  current  was  observed  at  both  poles,  but  most  de- 
cidedly at  the  positive.  After  each  operation  the  surface  presented  a  dark  and  some- 
nAmt  charred  appearance,  as  though  it  had  been  slightly  burned.  No  large  artery  was 
daring  the  operations,  hence  it  was  not  necessary  to  use  either  the  ligature 
or  persulphate  of  iron.  During  the  winter  of  1873  ^^'  Byrne  twice  operated  on  the 
Ciienial  portion  of  the  growth  with  the  galvano-cautery.  The  result  was  a  most 
■iriifiictory  healing  of  the  external  ulcer.  This  healing  was  much  more  permanent 
Hun  the  healings  that  followed  electrolysis. 

Wc  have  given  the  above  case  in  considerable  detail,  because  of  its 
great  interest  to  surgeons,  and  especially  because  it  illustrates  most 
▼ividly  at  once  the  value  and  the  limitations  of  electrolysis  in  malignant 
tumors.     It  illustrates : 

I.  The  power  of  electrolysis  to  control  hemorrhage.     The  growth 
80  vascular  that  it  bled  quite  profusely  on  the  slightest  touch,  and 
yet,  under  the  various  and  protracted  electrolytic  treatments  to  which  it 
subjected,  the  amount  of  blood  lost  was  but  a  trifle. 

3.  The  fact  that  the  electrolytic  treatment  does  not  cause  shock,  to 
e  extent  that  similar  destruction  of  tissue  by  other  methods  would  be 

ly  to  do.     Twice,  when  chloroform  was  employed  as  an  ansesthetic, 

pulse  acted  badly  and  compelled  us  to  suspend  the  operation  sooner 

we  desired ;  but  under  etherization  the  needles  were  used  for  half 

hour  and  longer  without  causing  any  shock.     The  stimulus  of  the 

t,  with  the  occasional  interruptions  that  are  required,  seemed,  by 

influence  on  the  central  nervous  system,  to  act  as  an  antidote  to 

as  it  has  appeared  to  do  in  other  cases. 

Better  healing,  and  later  reappearance  of  the  growth  than  after  the 

ion  by  ligature  and  caustics.    When  removed  by  ligature  this 

sprang  up  with  great  rapidity — in  the  course  of  a  few  days ; 

before  the  eyes,  as  it  were,  it  seemed  to  enlarge,  and  to  develop 

offensive  discharge  ;  and  the  base  never  began  to  heal,  even  on  the 

After  thorough  electrolysis  of  the  base,  this  growth  not  only 

not  show  signs  of  recurrence  for  several  weeks,  but  an  external 

of  large  size  entirely  healed.     With  the  internal  ulcer  on  the 

tbly  organized  mucous  tissues  of  the  vagina  we  were  not  so  successful 

4.  The  severe  irritative  fever  that  sometimes  follows  electrolysis. 
!ler  all  the  operations,  the  patient  was  confined  to  her  bed  for  several 
.J8i  and  was  more  or  less  distressed  by  inflammation  and  swelling,  not 
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pusilive,  by  means  of  a  wet  clotb,  was  gently  psissed  over  the  very  sensitive  forfece  of 
the  tumor.  The  patient  was  relieved  of  pain  for  a  whole  night.  SatU6ed  with  tin 
result,  we  now  resolved  to  use  the  needles. 

With  the  assistance  of  Dr.  Rottoti  and  the  husband  of  the  patient^  we  openlcc 
eleven  times,  with  intervals  of  two  or  three  weeks  between  the  sia/teri,  Full  cihm 
cation  had  been  obtained  in  each  operation. 

\Vc  used  two,  three,  or  four  needles,  according  to  circumstances,  and  both  poki 
were  inserted  into  the  base  of  the  jjrowth. 

The  first  operation,  Oct.  20,  which  lasted  tweoty^five  minotes,  removed  one-third 
of  the  growth  ;  and  by  the  end  of  the  third  operatiott,  all  the  growth  exteniAl  to  the 
orifice  of  the  vaj^ina  was  removed- 
Far  up  in  the  vagina  the  diseased  portion  could  readily  be  detected,  spreading  cot 
in  all  directions  like  a  watermelon  vine. 

Nov,  15th,  there  was  some  evidences  of  a  reappearance  of  the  external  growth  la 
those  parts  that  were  not  thorouglily  electrized.  Nov*  aad,  operated  again  by  elec- 
trotysts  for  half  an  hour* 

Dec.  5th,  opcraietl  agtiin  by  ebctrolysis  in  connection  with  Dr.  Byme^  who  by  the 
aid  of  his  speculum  applied  the  gaIvano*cautery  to  the  portions  of  the  growth  in  the 
vagina.  Jan.  17th,  again  operated  by  the  same  method  for  thirty  minutcat  The  ci- 
ternal  ulcer  Ciii)<^  by  the  removal  of  the  tumor  had  hitherto  been  about  four  tnchei 
lonjj,  three  inches  wide,  and  one  Inch  in  depth,  extending  from  the  middle  of  the 
labia  beyond  the  anus  on  the  right  side^ 

Tl'li  ulcer  now  began  to  heal  at  the  edges  and  to  contract.  Jan,  6th,  began  tbt 
use  of  nitrate  of  silver,  applied  to  the  ulcer.  Jan.  8th,  the  diicharge  which  had  come 
from  the  vagina  was  much  diminished  and  the  ulcer  had  contracted  to  half  the  origi* 
nal  -Size.     Jan.  2ist,  operated  by  electroly&is  in  the  vagina  chiefly* 

March  24th,  rc|>eated  the  ojxjration  with  long  needles,  in  the  vagina,  on  some  rag- 
ged portioiis  of  the  growth.  We  were  now  able  to  ascertain  by  digital  examinalioo 
that  there  was  a  pretty  direct  connection  between  the  growth  in  the  rectum  and  the 
one  in  the  vagina  ;  they  seemed,  indeed,  to  be  extensions  from  a  common  centre. 

The  septum  at  the  base  of  the  tumor  in  the  vagina  was  so  thin  that  we  much  feared 
a  recto-vaginal  fisiuia,  and  great  care  was  necessary  in  operating,  to  preserve  thb  tWi- 
cate  and  partially  disorganized  tissue  that  separated  the  two  canals.  April  2g,  ^gtio 
operated  by  electrolysis. 

Sub^uently  the  actual  cautery  was  once  used,  In  the  hope  that  perhaps  U  m^t 
cause  a  more  thorough  drying  up  of  the  profusely  discharging  surface  in  the  vi^Dftl 
but  the  results  of  it?  use  were  unsatisfactory.  The  febrile  condition  that  followed  wai 
alarming,  and  the  local  |>ain  was  terriBc  for  several  days  after  the  operation.  Dorittf 
the  summer,  local  applications  of  various  kinds  have  been  experimented  wilHj 
among  others*  a  mixture  of  iodine,  iodide  of  potassium,  and  glycerme,  which  wii 
employed  at  the  suggestion  of  Dr.  Byrne,  and  with  good  effect. 

During  the  year  the  patient  had  taken  cod-liver  oil,  and  except  by  uitenrAls  bAshad 
a  good  appetite.  Twice  a  severe  and  protracted  attack  of  sciatica  has  beeo  brought 
on,  apparently  by  exposure  to  cold. 

At  one  time  the  patient  was  confined  to  her  bed,  and  was  somewhat  hyitericiL 
During  the  summer  the  external  part  of  the  growth  gradually  reappeared,  but  that 
iras  no  difficulty  in  tirination  or  defecation  ;  and  hence  we  conclude  that  the  portktt 
in  the  rectum  has  not  greatly  eidarged^  and  at  the  last  examination  the  condition  of 
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tlie  vi^a  was  not  seriously  altered.  Wc  have  all  along  feared  that  the  disease  would 
extend  to  the  uterus,  but  examinattous  made  at  different  tiroes  gave  no  evidence  of 
involvement  of  that  organ. 

The  operations  were  performed  with  a  zinc-carbon  battery  of  eighteen  cclU, 
fteshly  charged. 

The  constringing  power  of  the  current  was  observed  at  both  pole%  but  most  de- 
cidedly at  the  positive.  After  each  operation  the  surface  presented  a  dark  and  some- 
what charred  ap|jearance,  as  though  it  had  been  slightly  burned.  No  large  artery  was 
severed  during  the  operations,  hence  it  was  not  necessary  to  use  either  the  ligature 
or  persulphate  of  iron.  During  the  winter  of  1873  Dr,  Byrne  twice  operated  on  the 
external  portion  of  the  giowth  with  the  galvano-cautcry.  The  result  was  a  most 
«itisfactory  healing  of  the  external  ulcer.  This  healing  was  much  more  permanent 
than  the  healings  that  followed  electrolysis. 


We  have  given  the  abave  case  in  considerable  detail,  because  of  its 
interest  to  surgeons,  and  especially  because  it  illustrates  most 
idly  at  once  the  value  and  the  limitations  of  electrolysis  in  malignant 
tumors.     It  illustrates : 

1.  The  power  of  electrolysis  to  control  hemorrhage.  The  growth 
was  so  vascular  that  it  bled  quite  profusely  on  the  slightest  touch,  and 
yet,  under  the  various  and  protracted  electrolytic  tieatments  to  which  it 
was. subjected,  the  amount  of  blood  lost  was  but  a  trifle. 

2.  The  fact  that  the  electrolytic  treatment  docs  not  cause  shock,  to 
the  extent  that  similar  destruction  of  tissue  by  other  methods  would  be 
likely  to  do.  Twice,  when  chloroform  was  employed  as  an  aniesthetic, 
the  pulse  acted  badly  and  compelled  us  to  suspend  the  operation  sooner 
than  we  desired  ;  but  under  etherization  the  needles  were  used  for  half 
an  hour  and  longer  without  causing  any  shock.  The  stimulus  of  the 
current,  with  the  occasional  interruptions  that  are  required,  seemed,  by 
reflex  influence  on  the  central  nervous  system,  to  act  as  an  antidote  to 
shock,  as  it  has  appeared  to  do  in  other  cases, 

3.  Better  healing,  and  later  reappearance  of  the  growth  than  after  the 
operation  by  ligature  and  caustics.  When  removed  by  ligature  this 
growth  sprang  up  with  great  rapidity-^in  tlie  course  of  a  few  days; 
even  before  the  eyes,  as  it  were,  it  seemed  to  enlarge,  and  to  develop 
an  offensive  discharge  ;  and  the  base  never  began  to  heal^  even  on  the 
edges.  After  thorough  electrolysis  of  the  base,  this  growth  not  only 
did  not  show  signs  of  recurrence  for  several  weeks,  but  an  externa! 
ulcer  of  large  size  entirely  healed-  With  the  internal  ulcer  on  the 
feebly  organized  tnucous  tissues  of  the  vagina  we  were  not  so  successful, 

4.  The  severe  irritative  fever  that  sometimes  follows  electrolysis. 
After  all  the  operations,  the  patient  was  confined  to  her  bed  for  several 
days,  and  was  more  or  less  distressed  by  inflammation  and  swelling,  nol 
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onl)-  on  the  edges  of  the  ulcer,  but  at  some  distance  down  the  nates  and 
through  the  labia*  The  swelling  of  the  labia  was  so  great  that  difficulty 
and  pain  were  experienced  in  passing  water.  It  should  be  noted,  bow- 
ever,  that  after  the  operations  with  the  galvano-cautery  and  the  actual 
cautery,  the  irritative  fever  and  surrounding  inflaniniation  were  mudi 
more  decided  and  distressing,  and  for  that  reason  we  returned  to  elec- 
trolysis. 

5*  The  utter  inability  of  even  the  most  thorough  and  repeated  dec- 
trolyzations  of  the  base,  to  permanently  eradicate  the  growth  in  those 
parts  where  it  was  connected  with  the  mucous  membrane.  Although  thi 
base  was  thoroughly  worked  up  by  inserting  the  needles  into  i!ii\^  healthy 
tissue  surrounding  it  so  as  to  completely  cut  off  all  communication  be- 
tween the  natural  and  morbid  parts,  yet  the  disease  extended  from  tki 
vagina^  until  quite  distant  parts  were  attacked  and  becajne  saturated 
with  cancerous  degeneration.  The  external  portion  of  the  growth  con. 
nected  with  the  perineum  and  nates  was  apparently  eradicated  as 
thoroughly  and  as  successfully  as  the  cases  of  epithelioma  of  llie  lip, 
previously  reported,  and  the  subsequent  reappearance  of  the  growth 
was  due  lo  the  extension  of  the  disease  from  the  vagina,  which  {ixrf 
could  not  be  thoroughly  affected    by  electrolysis, 

6,  The  comparative  value  of  electrolysis  and  galvano-cautery.  The 
healing  after  electrolysis  was  incomparably  more  satiifactory  than  after 
the  ligation ;  but  in  the  course  of  months  the  growth  relumed,  appa- 
rently by  extension  from  the  vagina.  The  irritative  fever  that  followed 
the  electrolytic  operations  was  not  observed  to  any  marked  degree  after 
the  use  of  the  galvano-cautery,  and  more  time  elapsed  before  recurrence. 

Take  the  case  all  in  all,  its  long  standing  and  wide  extent,  its  t9k 
cessively  rapid  growth  and  still  more  rapid  reappearance  after  operatioo 
by  ligature^  the  frequent  repetition  of  long  electrolyxaiions,  and  ibc 
temporary  benefit  resulting  therefrom,  and  the  opportunity  it  aflfonled 
for  comjiarirtg  the  advantages  of  electrolysis  and  gilvano-cautcry,  it 
may  probably  be  regarded  as  without  a  precedent  in  electro* surgery. 

Two  general  varieties  of  cancer  of  breast. — In  their  relations  ta 
electro-therapeutics  there  would  appear  to  be  two  general  %'aiietiesof 
tumors  of  the  breast ;  one  variety  in  which  all  or  nearly  all  the 
mamma  is  involved,  and  which  is  very  hard,  firm,  and  unyielding,  the 
skin  being  tense,  glossy,  and  indicating  inflammation  and  induration. 
The  variety  is  more  obstinate  and  unyielding  ;  the  pain  may  be  r^ 
beved,  but  the  tumors  do  not  grow  smaller  under  the  action  of  the 
current ;  they  can  be  diminished  in  size  or  removed  only  by  aciua! 
destruction  of  the  tissue. 
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In  the  other  variety  the  tumor  involves  but  a  limited  portion  of  the 
breast ;  the  skin  is  not  tense,  but  is  soft  and  yielding,  and  of  the  natural 
color ;  the  growth  is  felt  as  a  nodule  beneath  the  skin,  and  the  pain  is 
not  usually  so  severe  as  in  the  other  variety,  and  the  growth  is  much 
slower.  This  variety  is  the  one  that  is  most  disposed  to  yield  to  elec- 
trical treatment  Not  only  is  the  pain  relieved,  but  the  tumors  grow 
softer  and  smaller.  In  other  cases  their  advance  is  arrested  by  the 
treatment,  so  that  they  remain  stationary  for  months  or  years. 

Whether  what  we  call,  for  convenience'  sake,  and  for  clinical  reasons, 
only  two  varieties,  are  really  but  different  stages  of  one  variety  ;  whether 
the  latter  may  sometimes  come  under  the  head  of  abscess,  or  of  the 
atrophying  cancer  described  by  Billroth — these  questions  we  resign  to 
the  pathologists  of  the  future. 


Fig.  187. 
Scirrhiis  of  the  breast  treated  by  ordinary  electrolysis.      Three  needles  connected 
with  negative  pole  in  body  of  tumor ;  connection  made  by  a  sponge,  the  positive  pole 
at  the  mdifTerent  point  on  the  lupus. 

Sctrrkus  of  the  left  breast  in  a  woman  aged  forty-five^Complete  and  instant  relief 
from  excruciating  pain^  and  in  the  course  of  four  days  disappearance  of  one-half 
the  growth  from  one  electrolytic  operation — Retrocession  of  the  disease  to  the 
bowels^  resulting  in  death, 

Cass  CCXII.— Mrs. ,  aged  about  45,  an  inmate  of  Bellevue  Hospital,  was 

affected  with  cancer  of  the  left  breast. 

The  main  portion  of  the  scirrhus  was  the  size  of  an  ordinary  orange,  and  extend- 
ing into  the  axilla  were  a  number  of  cancerous  nodules  of  considerable  size. 

The  surrounding  and  intervening  tissue  was  as  hard  and  unyielding  as  the  tumor 
itselfl  The  process  of  suppuration  was  beginning  to  manifest  itself,  and  for  several 
weeks  the  patient  had  sufTered  night  and  day  the  most  excruciating  pain  through  the 
diseased  parts.  The  first  operation  was  performed  in  one  of  the  wards  of  the  hos- 
pital, in  the  presence  of  Prof.  Frank  H.  Hamilton  (who  had  requested  us  to  operate 
by  the  elect  lolytic  method)  and  his  private  class.     The  patient  having  been  etherized^ 


we  introduced  deeply  iiUo  the  upper  portion  of  the  breast  three  gilded  n^cdki,  lai 
with  a  fourth  transfixed  the  largest  of  the  axillary  noduUs.      The  positive  pole  (i 
large  moist  sponge)  was  applied  to  the  under  portion  of  the  gland.     No  very  de 
change  was  manifetit  in  the  appearance  of  the  mass  during  the  operation  otlier 
ionie  puffing  up  of  the  skiot  diie  to  tlie  disengaged  hydrogen  ;  but  very  soon  After  i 
began  to  decrease  in  size,  and  in  one  week  not  only  had  all  the  hardness  of  the 
founding    tissue    and    all  the  axillary  enlargements  entirely  disapi^eared,   but  ttl 
mammary  tumor  had  decreased  tn  she  at  least  one  half.     The  most  grateful  relief  th 
patient  experienced,  however,  was  the  complete  and  seemingly  pennaneot  dissipati< 
of  pain.      In   ten  days  we  again  operated,  and  by  the  same  method,  in    tlie  iaiphl«^ 
theatre  and  before  Dr.  Hamilton  and  the  regular  class  of  the  college.     On  the  fol* 
lowing  day  the  patient  felt  so  comfortable  that  she  left  the  hospital,  and  in  a  wedc^ 
lime  presented  herself  for  examination,  when  it  was  found  that  there  had  been  &  i 
further  decrease  in  the  siie  of  the  tumor.     She  still  remained  entirely  free  from  | 
and  wa<;  delighted  with  the  results  of  the  treatment.   Most  unfortunately,  we  now  1 
sight  of  the  patient ;  but  a  few  months  subsequently  she  returned  to  the  hospital,  waSer*  ^ 
ing  from  malignant  disease  of  the  intestine,  of  which  she  died. 

The  following  is  a  condensed  report  of  a  case  treated  by  us  in  i 
oi>eration  with  Dr.  A.  B,  Crosby,     We  give  it  subsianliaUy  as  dctailc 
by  him  i  * 


A  case  of  scirrhus  of  the 


rt(tum — Rtlitf  &f  sympioms' — Saiis/atifiry  kmting 
Death, 


Case  CCXHL — Mrsv  L  ,  aged  60,  a  lady  of  a  nervous,  but,  on  the  whde, 
healthy  temperament,  came  under  our  care  Nov*  7th,  1871.  For  three  years  she 
t>een  suffering  from  a  tumor  of  the  rectum  that  was  evidently  of  a  malignant  cbuM* 
ter — &uch  at  least  had  been  the  opinion  of  the  large  number  of  physicians  and  £ux;gediii 
who  had  seen  the  patient.  Bougies  were  frequently  inserted  and  various  remedies  had 
been  tested — among  others  cundurango,  which  the  patient  thought  afforded  some  rdieC 
On  examination,  it  was  found  that  the  growth  extended  about  three  inches  up  the  rec- 
tum, forming  a  hard  ring  and  a  stricture  so  narrow  in  the  upi>er  portion  %s  hanilv  to 
admit  the  end  of  the  index-fingcr.  The  patient  was  tormented  with  flatulence,  md 
the  distress  in  the  region  of  the  tumor  and  of  the  nerves  that  supplied  it  was  veiy 
great.  The  pain  in  defecation  was  severe,  and  the  passages  were  smaSH  and  very  6» 
quent.  She  was  able,  however,  to  go  about  the  house  more  or  less,  and  occasbmUy 
rode  out. 

We  began  treatment  by  localized  galvanization  externally  by  various  formsof  rectal 
electrodes.  By  these  applications  there  was  a  decided  and  grateful  relief  of  the  puo 
and  of  the  flatulence.  This  relief  continued  so  long  as  this  method  of  treatment  wil 
used. 

January  7th,  1872,  Dr.  Crosby  ruptured  the  sphincter  with  ihe  assistance  of  Dri 
Keese  and  Ostrandcr,  who  administered  ether.  Wc  operated  with  a  dnc-carbon  bit- 
tcry  on  these  protuberances  by  the  ordinary  method  of  electrolysis.  The  usual  snsll 
needles  were  used.  The  operation  was  followed  by  some  irritative  fever,  hat  ibi 
patient,  on  the  whole,  bore  it  excellently,  and  the  whole  growth  was  retasediilta 
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tht  passages  wer«  easier,  Thite  weeks  after  the  operAtiop  the  pat  tent  was  Terf 
TQtich  better,  and  went  round  the  house. 

The  operation,  which  lasted  forty  minutes,  iocluding  intermissions  consisted  is 
b^ierung  one  needle  connected  with  the  positive  pole  into  the  body  of  the  ^owth, 
while  the  negative  needles  were  run  through  the  base  and  made  to  wtfr^  araund  the 
inside  of  the  rectum  at  the  base  of  the  tumor,  as  far  as  it  was  deemed  prudent  to  go. 
The  growth  was  mostly  rem oveti  in  t\\\%  manner,  and  with  very  little  hemorrhage. 
I'hc  entire  thirty-two  cells  were  employed,  and  the  patient  was  kept  under  ether  for 
two  hours^  Irritative  fever  followed  the  operation  for  five  days.  The  pulse  went  op 
to  120.  There  was  some  flatulence  and  pain  in  the  abdomen,  but  no  posiLive  tender- 
ness. There  was  considerable  urethral  irritation  and  dysuria,  and  the  urine  wu 
drawn  by  a  catheter. 

In  a  few  days,  the  patient  was  able  to  discharge  large  and  well- formed  faeces.  For 
mbottt  a  month,  there  was  some  discharge  from  the  rectum,  but  no  symptoms  of 
pyaemia,  or  of  peritonitis  or  of  cellulilts  that  might  be  feared  from  so  formidable  an 
operation. 

From  May  to  June  there  was  but  little  pain  in  the  rectum  comparatively,  and  the 
patient  was  able  to  walk  about  and  to  go  out. 

May  I5lh,  the  patient  rotle  out  with  comfort,  and  she  strongly  hoped  that  tha 
relief  would  be  jicrmancnt  ;  but  there  were  signs  of  a  recurrence  of  the  growth,  in- 
creasing stricture  and  induration,  and  the  faeces  gradually  became  smaller. 

During  all  thb  time,  Dr.  Crosby  was  in  the  habit  of  introducing  sponge*tents  of 
good  size  about  every  week  or  ten  days. 

Dr.  Crosby  being  called  away  July  ist,  Dr.  George  K.  Smith  was  called  in,  and 
suggestefl  the  useof  ox-gall  injection  to  soften  the  fneces.  This  suggestion  was  acted 
upon  with  good  results. 

The  patient,  who  was  subsequently  seen  by  Dr.  Colton,  gradually  grew  weaker 
during  the  excessive  heat  of  the  summer,  and  died  October  27th|  1872,  apparently 
from  exhaustion. 


Dr.  Crosby  thus  epitomizes  the  important  features  of  this  case  in  iti 
electro-surgical  aspects  1 

'  That  this  growth  was  malignant  was  evident  from  the  history  of  the 
case  and  all  the  symptoms^  and  was  established  by  the  microscopic  ex- 
amination of  Dr.  Spier.  I  am  disposed  to  believe  that  if  the  tumor  had 
been  in  a  position  where  it  could  have  been  more  readily  reached,  and 
where  the  whale  growth  and  the  adjacent  parts  could  have  been 
thoroughly  electroly zed,  the  results  would  have  been  very  much  better. 
As  it  was,  it  seemed  unjustifiable  to  interfere  too  seriously  with  the  gut, 
lest  we  might  destroy  it  and  produce  recto  vaginal  fistula. 

**The  stricture  extended  upward,  about  three  inches  above  the  anus, 
and  ranged  from  threefourths  of  an  inch  to  an  inch  in  breadth. 

•*It  was  only  at  one  point  anteriorly  that  it  extended  higher  than  three 
inches.  At  this  point,  a  little  indurated  tissue  could  not  be  removed 
mthout  endangering  the  recto-uterine  pouch  of  the  peritoneum, 
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"  Whatever,  then,  might  have  been  hoped  in  case  the  removal  had  beet 
absolutely  complete,  it  was  certain  that  the  disease  must  continue  to 
develop  in  this  particular  case.  Anatomically,  three  inches  of  the  rec- 
tum— that  is,  that  portion  within  the  perineum — may  be  safely  removed 
by  the  knife  even.  In  the  above  case,  the  spear-pointed  electrodes 
brought  away  a  large  annular  mass  of  scirrhus  when  the  operation  wai 
performed. 

**  This  was  followed,  a  few  days  later,  by  the  separation  of  a  large 
annular  slough,  and  the  rectal  wall  was  left  soft  and  free  from  disease, 
except  the  small,  indurated  spot  that  extended  above  the  floor  of  the 
pelvis  and  could  not  be  safely  removed.  It  is  a  fair  question  whether 
if  the  operation  had  been  done  earlier,  radical  improvement  might  not 
have  followed. 

"  A  point  of  practical  convenience  was  seen  in  the  method  adopted 
to  reach  the  stricture. 

"  I  first  completely  ruptured  the  sphincter  ani,  so  as  to  induce  com- 
plete relaxation.  A  piece  of  two-inch  lead  pipe,  about  two  inches  in 
length,  with  a  handle  soldered  on  one  side,  made  an  excellent  speculum, 
which  was  pushed  up  to  and  brought  the  stricture  fully  into  view. 

"  Through  this,  it  was  possible  to  carry  the  spear-shaped  electrodes 
through  the  stricture  with  ease  and  certainty,  and  move  them  frecl/ 
around  the  circumference  of  the  bowel. 

"  This  case  showed,  what  I  have  witnessed  in  other  cases  treated  by 
electrolysis,  no  primary  shock. 

"  The  irritative  fever  which  followed  was  very  marked  for  some 
days,  but  there  was  no  primary  disturbance,  either  of  temperature  or 
pulse. 

"The  removal  immediately  by  the  electrodes  and  secondarily  by 
sloughing  of  so  much  tissue  necessitated  free  granulation. 

"  The  repair  which  followed  was  unusually  rapid.  In  fact,  in  this 
and  in  other  cases  treated  in  the  same  way,  I  have  been  impressed  with 
the  fact  that  proliferation  is  very  rapid  after  electrolysis. 

**  In  this  case,  the  granulating  surface  healed  rapidly  and  completely. 
We  anticipated,  independently  of  any  recurrence  of  the  disease,  decided 
contraction  of  the  cicatricial  tissue. 

"  Electrolysis  did  not  save  the  patient's  life,  but  it  was  more  efficient 
than  any  plan  of  treatment  I  have  seen  adopted  in  ±ese  most  distress 
ing  cases." 
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ExHr^aiUm  of  a  mammary  cancer  by  the  knife^  followed  hy  complete  destruction  of 
the  underlying  tissue  by  electrolysis — Reappearance  of  the  growth. 

Case  CCXIV. — Mrs.  H.,  a  married  lady,  aged  about  forty,  came  under  our  obscrva 
tion,  through  the  kindness  of  ProC  J.  L.  Cabell,  of  the  University  of  Virginia.  The 
patient  was  suffering  from  cancer  (scirrhus)  of  the  left  breast  of  about  the  size  of  an 
ordinary  orange,  and  in  addition  one  of  the  axillary  glands  was  enlarged  to  the  pro- 
portions of  an  ordinary  hickory -nut. 

She  had  observed  while  in  India,  eighteen  years  before,  a  small  lump  in  the  breast, 
bat  during  all  the  years  of  her  residence  in  that  climate  it  remained  stationary  and 
never  annoyed  her.  About  eighteen  months  before  we  saw  her,  she  left  India  for  Eng- 
land, and  soon  after  arriving  in  that  colder  and  damper  atmosphere  the  lump  began 
to  enlarge.  During  the  process  of  its  growth  she  has  suffered  from  occasional  neural- 
gic pains,  but  of  no  great  severity. 

On  June  12,  19,  and  28,  1873,  ^^  operated  by  the  ordinary  method  of  electrolysis, 
on  eac^occasion  introducing  three  needles.  These  efforts  merely  resulted  in  a  softer 
condition  of  the  tumor,  with  possibly  some  slight  diminution  in  size,  and  we  deter- 
mined to  extirpate  the  growth,  and  to  destroy  the  surrounding  tissue  by  the  under- 
mining electrolytic  process.  The  patient  went  to  her  home,  and  in  October  she 
returned  and  submitted  to  the  radical  operation.  Instead,  however,  of  taking  away 
the  tumor  by  the  process  proposed,  we  secured  the  services  of  Dr.  A.  B.  Crosby,  who, 
on  the  eighth  day,  after  the  patient  had  been  thoroughly  etherized  by  Dr.  N.  B. 
Emerson,  quickly  removed  both  the  breast  and  the  enlarged  gland  of  the  axilla. 

We  had  at  hand  an*  appliance  consisting  of  some  twenty  points,  projecting  from  a 
metal  plate  an  inch  and  a  half  long,  by  an  inch  m  width. 

This  contrivance,  which  we  call  a  harrow  electrode,  was  placed  on  a  portion  of  the 
surface  of  the  wound,  and  the  operation  was  continued. 

The  needles  penetrated  somewhat  into  the  exposed  tissues,  and  the  electrolytic  pro- 
cess, which  was  at  once  begun,  gave  evidence  of  its  usual  activity.  Hydrogen  was 
developed  in  abundance,  and  the  tissues  changed  in  color  and  consistency,  and  rapid 
and  complete  destruction  followed  to  a  considerable  depth.  By  thb  method  the  whole 
of  the  freely  exposed  surface  was  worked  over  and  destroyed,  and  those  portions  that 
were  more  or  less  hidden  were  treated  by  two  or  three  ordinary  electrolytic  needles. 
It  was  necessary  to  observe  some  caution  in  the  regulation  of  the  strength  of  the 
current  and  the  position  of  the  poles,  for  when  the  current  was  increased  above  a  cer- 
tain point,  or,  through  the  position  of  the  poles,  affected  too  directly  the  pneumo- 
gastric  nerve,  the  heart's  action  became  most  markedly  lowered  both  in  frequency  and 
force.  On  modifying  the  influence  of  the  current,  however,  the  circulation  became 
as  strong  as  usual— for  a  moment,  indeed,  there  was  an  increased  vigor  in  the  reaction. 
The  suppuration,  which  was  quite  profuse  for  a  time,  was  followed  by  a  healthy  gra- 
nulating surface^  and  in  ten  days  the  patient  was  sufficiently  recovered  to  return  to 
Virginia,  where  the  healing  process  progressed  favorably  throughout. 

Some  six  months  subsequently  the  growth  began  to  reappear,  and  will  undoubtedlj 
testro)  the  patient 

The  above  history  is  of  interest,  simply  as  an  illustration  of  the 
special  method  of  treatment  employed.  The  case  was  of  many  years* 
standing — ^for  two  years  the  growth  had  been  constantly  enlarging,  in> 
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volving  the  axillary  gkrds — hence  it  cannot  by  any  means  be  Tcgardcd 
as  a  test  case.  Of  the  two  methods  of  treating  scirrhus,  vix,,  the  re» 
moval  of  the  growth  by  the  electrolytic  process  alone,  without  the  use 
of  the  knife,  or^ — as  in  the  case  just  related — extiq>ation  by  the  knifci 
with  the  subsequent  employment  of  electrolysis  for  the  purpose  of 
destroying  ihe  reproductive  power  of  the  disease — the  latter  seems,  at 
lexst  to  one  of  the  authors  of  this  work,  decidedly  preferable. 

By  this  method^  although  two  distinct  operations  are  performed,  less 
time  is  consumed  in  the  operation,  and  it  is  possible  more  effectually, 
and  to  a  greater  depth,  to  destroy  the  underlying  tissue. 

Relief  of  the  pain  of  cancer  by  galvanization, — ^So  long  as  we  arc 
able  to  do  so  little  towards  the  radical  cure  of  the  worst  forms  of  cancer^ 
it  can  never  be  amiss  to  dwell  upon  any  means  that  will  even  for  a 
time  relieve  the  awful  agony  that  so  frequently  attends  it. 

it  is  not  sufticiently  understood  what  a  magic  influence  an  intelligeDtly 
directed  application  of  the  constant  current  exercises,  as  a  rule,  over 
the  throbbing  pains  of  scirrhus,  especially  of  the  female  breast*  The 
woman  at  Belleviie,  we  referred  to  in  Case  CCIX,,  p.  714,  had 
suffered  most  severely  for  many  weeks.  After  the  first  introduction  of 
the  needles  every  vestige  of  pain  left  her,  and  during  the  two  weeks 
that  she  was  under  observation,  before  leaving  the  hospital,  she  was 
entirely  comfortable.  A  number  of  similar  cases  might  be  recorded* 
but  we  will  offer  only  the  following,  which  is  perhaps  of  more  interest 
than  I  he  majority  : 


I 


An  immenst  ulcerating  sctrrhus  of  the  hrassi  attended  by  the  m&st  exefueHting  awd 
eonstant  agony — No  refitf  follows  the  use  of  the  galvana-cauttry  or  efeetrolynf^ 
hut  by  external  galvanitatian  the  pain  is  kepi  almast  entirely  in  ed^eyance  ftr 
ninths. 

Case  CCXV,— In  February,  1873*  Mrs. ,  a  patient  of  Dr,  Everett  Herrick, 

came  to  tjs,  seeking  relief  from  an  immense  ulcerating  cancer  of  the  breast.  The 
tumor  had  been  removed  more  than  a  yeaf  previously  by  Dr.  W.  H,  Van  Buren» 
but  the  wound  did  not  entirely  he:il,  and^  a  few  months  subsequently,  the  ulcer»ti¥« 
process  began,  and  steadily  progressed.  For  many  months  the  pain  from  which  sh< 
sufferetl  had  liccn  of  unusual  severity. 

By  the  advice  of  her  physicians,  above-named,  sh^  was  submitted  to  localtred  gil- 
vanization  of  the  sound  portions  surrounding  the  ulcerating  part,  and  by  frequent 
applications  the  intense  pains  were  for  nearly  four  monlhs  held  in  almost  complete 
abeyance.  At  times,  however,  her  sufferings  were  most  intense,  and  words  fail  to  ex- 
press the  instantaneous  and  absolute  relief  that  invariably  followed  the  treatmeot. 
We  would  occasionally  find  her  in  the  morning  suffering  most  acutely.  An  applica* 
tion  would  dissipate  the  pains,  and  for  twenty-four  hours  frequently,  and  sometimei 
for  forty-eight,  she  wouJd  move  about  and  rest  in  perfect  comfort     In  the  latter  part 
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(if  May  it  was  observed  that  the  current  did  not  afTord  the  same  relief  as  formerly 
The  character  of  her  sufferings  had,  however,  changed.  In  the  place  of  the  sharp, 
shooting  pains  simulating  neuralgia,  the  distress  consisted  in  a  constant  burning  and 
itching,  which  annoyed  hei  more  or  less  until  her  death  some  few  months  subse- 
quently. It  must  be  remarked  that  her  later  sufferings  were  not  to  be  compared  with 
those  which  the  current  so  effectually  allayed. 

Was  the  change  in  the  character  of  lier  pains  the  result  of  the  galvanization,  or  is 
it  probable  that,  if  left  to  nature,  the  characteristic  neuralgic  pains  would  in  the  same 
way  have  been  replaced  by  the  less  distressing  symptoms  of  itching  and  burning  ? 

It  is  impossible  to  say,  but  it  seems  reasonable  to  attribute  the  changed  action  to 
the  influence  of  treatment.  It  is  proper  to  say  that,  during  the  course  of  treatment, 
we  operated  in  the  presence  of  Drs.  Van  Buren  and  Herrick,  by  both  the  galvano- 
cautery  and  electrolysis,  with  the  vain  hope  of  modifying  in  some  degree  the  profuse 
and  offensive  discharge  and  checking  the  rapidity  of  the  ulcerative  process.  This 
case  was  alone  sufficient  to  teach  the  necessity  of  care  in  the  application  of  electricity, 
and  to  confirm  the  statement  that  it  is  not  so  much  electricity  that  relieves  and  cures 
as  the  method  of  using  it.  An  application  too  prolonged,  or  with  a  current  of  too 
great  tension,  would  not  only  fail  to  relieve,  but  on  the  contrary  decidedly  aggravate 
the  distress.  The  cathode,  applied  to  the  seat  of  pain,  did  not  relieve  as  did  the 
anode. 

The  pain  was  for  some  time  overcome  by  simple  localized  galvanization,  but  dur- 
ing the  last  weeks  of  treatment  the  applications  were  effectual  only  when  the  elec- 
trodes were  separated  as  far  as  possible. 

Adenitis, — Enlarged  glands  of  the  neck  or  groin  may  be  treated  by 
external  faradization  with  strong  currents,  interrupted  so  as  to  break 
up  the  glands,  as  recommended  by  Meyer,  or  by  external  galvaniza- 
tion, or  by  electrolysis. 

The  prognosis  is  very  capricious.  In  some  cases  the  enlargements 
diminish  quite  rapidly,  and  entirely  disappear ;  in  other  cases  they  are 
as  obstinate  as  scirrhus  of  the  breast.  In  one  case  referred  to  us  by 
Dr.  C.  L.  Mitchell,  an  enlarged  parotid  gland  was  treated  at  first  by 
external  faradization  and  galvanization  with  the  effect  of  hastening 
suppuration.  After  the  tumor  was  opened  the  inner  portions  were 
treated  through  the  opening  by  mild  electrolysis,  and  the  tumor  speedily 
disappeared. 


CHAPTER  V. 

ANEURISMS   AND   VARI  ^SE   VEINS. 

In  the  treatment  of  aneurism  the  great  end  sought  is  coagulation,  A 
knowledge  of  the  differential  action  of  the  poles  in  producing  coagiib 
tion  is  essential  to  an  intelligent  use  of  electricity  in  treating  aneurism. 
Coagulation  takes  place  at  both  poles  of  the  galvanic  current;  dial 
at  the  positive  pole  being  small,  black,  and  hard  ;  and  that  at  the  nega< 
tive  being  larger,  softer,  and  of  a  yellowish  color. 

Aneurisms  may  be  treated,  with  greater  or  less  success,  according  t( 
their  size  and  position,  the  condition  of  their  walls,  and  general  healtt 
of  the  patient,  by  either  of  the  poles,  or  by  both  combined. 

The  best  method  for  the  majority  of  cases,  certainly  for  aneurisms  o( 
any  considerable  size,  is  to  use  both  j>oles,  and  a  large  number  of  needlo 
that  are  insulated,  so  that  the  current  will  not  act  on  the  walls  of  thi 
aneurism.  In  the  treatment  of  aneurism,  especially,  careful  insulation  h 
needed.     The  advantage  of  using  both  poles  is  twofold. 

First, — A  double  clot  is  formed,  one  at  the  positive  and  the  other  a 
the  negative  pole.  Although  the  negative  clot  is  soft  and  yielding,  still 
in  combination  with  the  positive  clot,  it  is  of  decided  service  in  closing 
the  aneurism  ;  and,  so  far  as  we  can  ascertain,  there  is  no  evidence  tha 
embolism  is  ever  caused  thereby. 

Secondly.  The  resistance  is  greatly  reduced  by  placing  needles  con 
nected  with  both  poles  in  the  sac,  so  that  the  electrolytic  action  ii 
very  much  more  effective  than  when  one  pole  is  placed  on  the  surface 
of  the  body.  The  blood  is  the  portion  of  the  body  that  best  conduct 
electricity ;  and  when  both  poles  are  inside  of  the  sac,  and  near  to  eacl 
other,  as  of  course  they  must  be,  a  mild  current  will  cause  vigoroui 
electrolysis.  On  the  other  hand,  if  one  pole  be  applied  by  a  we 
sponge  to  some  indifferent  point  on  the  surface,  a  strong  current  i 
needed  to  produce  a  clot,  and  a  long  operation  ;  and,  unless  the  spong< 
on  the  surface  is  occasionally  moved,  it  would  cause  great  pain  ;  and  i 
the  patient  is  under  an  anaesthetic,  a  blister  may  be  caused.  As  th< 
negative  pole  is  more  painful  than  the  positive,  when  the  positive  aloni 
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is  in  the  aneurism,  the  negative  on  the  surface  may  be  very  uncomfort- 
able, even  with  a  feeble  current.  We  are  aware  that  tolerably  good  re- 
sults have  been  secured  in  many  cases  of  aneurism,  and  especially  by 
the  English  surgeons,  by  the  positive  pole  alone ;  but  we  suspect  that 
better  results  might  have  been  obtained  if  both  poles  had  been  inserted 
into  the  sac.  At  all  events  the  use  of  both  poles  should  be  thoroughly 
tested. 

In  the  electrol3rtic  treatment  of  aneurisms,  as  in  so  many  other  elec- 
trical applications,  it  is  an  advantage  to  have  a  rheostate,  so  as  gradually 
to  let  the  current  on  or  off  without  shock. 

Statistics  of  Aneurism  treated  by  Electricity. — ^The  published  statis- 
tics  of  aneurism  treated  by  electricity  are  of  little  or  no  value,  and  for 
>  two  reasons  :  i.  They  represent  experiments  made,  in  a  large  percent- 
age of  the  cases,  by  those  who  are  but  little  familiar  with  Electro- 
Physics,  or  Electro-Physiology.  Quite  frequently  the  poles  have  been 
confounded,  so  that  it  is  impossible  to  tell  whether  the  positive  or 
negative  is  used,  and  from  many  of  the  accounts,  it  is  impossible  to 
tell  even  approximately  the  strength  of  current  employed 

2.  The  statistics  are  derived,  in  part,  at  least,  from  cases  that  are  re 
ported  too  early.  The  temporary  relief  that  results  from  the  coagulum 
formed  in  the  aneurism  by  the  chemical  action  of  the  current  has  been 
interpreted  as  indicating  a  perfect  recovery. 

Some  of  the  cases  hastily  reported  as  cured  probably  died  soon  after, 
if  not  before,  the  account  of  their  recovery  was  fully  in  print. 

For  these  reasons  we  omit  all  the  statistics  that  have  appeared  on 
this  subject ;  preferring  the  general  average  opinion,  so  far  as  it  can  be 
obtained,  of  those  surgeons  and  electro-therapeutists  who  are  best  qual- 
ified to  speak  on  this  subject. 

Our  general  conclusion,  derived  from  many  experiments  on  animals, 
from  actual  experience,  and  from  a  comparison  of  the  various  observa- 
tions that  have  been  made  on  the  subject,  is  that  for  those  varieties  of 
aneurism — such  as  the  thoracic,  abdominal,  and  so  forth — that  cannot 
wen  be  treated  by  the  old  methods,  and  in  some  cases  for  those  that  are 
accessible  to  other  treatment,  galvano-puncture,  rightly  performed,  may 
be  of  great  service  in  relieving  the  accompanying  symptoms,  inprolong« 
ing  life,  and  may  now  and  then  achieve  a  radical  cure. 

The  following  case  is  condensed  from  the  published  account  of  Dr. 
Keyes,*  in  co-operation  with  whom  the  operations  were  made  : 

*  New  York  Medical  Journal,  December,  1871. 
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Aueitrism  of  abdominal  aorta  treated  by  gahnino-puncture — Relief  of  symptom^ 
Death  and  post-mortem. 

Case  CCX  VI. — A  widow,  42  years  of  age,  had  been  afflicted  for  manj  months  witi 
a  *'  swelling  in  her  stomach,*'  that  ail  the  surgeons  regard  as  aneurism  of  the  saperior 
me5«nteric,  or  of  the  aorta.  The  patient  was  in  Charity  Hospital  There  vras  pain  in  the 
epigastric  region,  which  was  aggravated  by  movement.  The  tumor,  which  was  aboal 
the  size  of  the  Bst,  was  situated  to  the  left  of  the  median  line,  and  extended  a  little 
below  the  umbilicusw  A  thrill  could  be  detected  at  the  upper  part  of  the  tumor,  bat 
not  at  the  lower. 

The  patient  was  gradually  failing. 

The  only  case  of  treatment  of  abdominal  aneurism  by  galvano-pnncture  recorded  at 
that  time  was  that  of  an  Italian  nobleman,  a  patient  of  Dr.  Felice  Dell'  Acquia.*  Id 
this  case  the  patient  died  directly  after  the  operation  from  rupture  of  the  aneurismal 
sac,  caused  by  violent  muscular  contractions  while  under  the  influence  of  chlorofonn. 
Three  needles,  connected  with  a  voltaic  pile,  were  used  for  forty  minutes.  Only  a 
small  coagulum  was  formed. 

March  30th,  187 1.  A  hollow  steel  needle  was  cautiously  introduced,  and  connected 
with  the  positive  pole,  while  the  negative  pole  was  applied  externally  by  means  of  a 
sponge.  Only  from  eight  to  twelve  zinc-carbon  cells  were  used.  Drs.  Wood,  Sayre, 
and  Mason  made  digital  compression  to  the  aorta  below  the  umbilicus,  llie  needle 
adhered  and  came  out  with  some  difficulty,  but  no  blood  followed.  The  bruit  seemed 
fainter  than  before  the  operation.  No  unpleasant  result  followed  except  some  pais 
that  was  produced  by  the  compression,  and  exhaustion  that  was  produced  by  the 
etherization. 

April  6th.  Operated  as  before,  but  with  two  positive  needles,  insulated  to  within 
8  short  d'l'^jce  of  the  points.  One  of  the  needles  was  hollow,  and  was  introduced 
until  the  blood  flowed  through  it.  From  twelve  to  sixteen  freshly  charged  zinc-carbon 
cells  were  used  for  twenty-five  minutes.  The  solid  needle  was  more  acted  on  than  th< 
hollow  needle,  being  nearly  destroyed  at  the  non-insulated  extremity.  No  compression 
was  used.  Before  the  operation  two  murmurs  were  heard ;  after  the  operation^  buJ 
one.  Patient  suffered  less  than  after  the  other  operation.  Some  irritative  fever  ap- 
peared.    Evidence  of  solidification  of  the  tumor. 

May  4t]i.  Six  positive  needles  were  introduced  ;  three  connected  with  a  zinc-carbon 
battery  of  seventeen  cells  with  larger  plates.  The  current  was  passed  for  forty-on< 
minutes.     There  was  no  compression  of  the  aorta. 

June  22d.  Patient  greatly  improved ;  gets  up  and  dresses  herself.  Tumor  quite 
hard. 

Used  two  batteries  as  in  previous  operation.  Eleven  needles  were  used,  and  tb« 
current  was  passed  sixty-five  minutes.  There  was  less  irritation  after  this  than  afta 
the  other  operations.  The  tumor  became  harder,  but  not  smaller,  and  a  murmui 
could  be  heard  only  with  great  difhcully. 

In  spite  of  the  improvement  in  the  condition  of  the  tumor  the  patient  grew  wcaka 
and  weaker,  and  died  of  exhaustion,  July  18,  1871. 

Post-mortem  examination  by  Dr.  Drake  revealed  the  surprising  fact  that  the  palieni 
had  three  aneurisms:  one  of  the  arteria  innominata  about  twice  the  size  of  an  Englisl 
walnut ;  one  of  the  aorta  opposite  the  sixth  and  seventh  dorsal  vertebrae,  about  clcva 

•  Gazzetta  Medica  Italiana,  Lombardia,  No.  28,  1870,  p.  217. 
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inches  in  circumference ;  and  the  one  operated  on,  which  was  found  to  arise  from  the 
anterior  wall  of  the  aorta  at  the  origin  of  the  superior  mesenteric.  This  aneurism  was 
about  twelve  and  a  half  inches  in  circumference.  In  all  three  of  the  aneurisms  organized 
light-colored  clots  were  found.  The  one  operated  on  was  less  solid  than  the  others 
There  was,  indeed,  no  evidence  that  the  galvano-puncture  had  produced  any  perma- 
nent clot.  It  is  possible,  however,  that  it  caused  a  temporary  clot  that  was  wasted 
away  by  the  current  of  blood.  There  is  no  question  that  the  tumor  became  more 
roiid  after  the  operation^  and  that  this  solidification  was  attended  with  diminution  oj 
the  nausea  and  pain, 

Luigi  Ciniselli  ♦  has  written  a  monograph  on  aneurisms  of  the  tho- 
racic aorta  treated  by  galvano-puncture.  He  speaks  of  twenty-three 
cases.  Of  these  six  recovered,  sixteen  died,  and  in  one  case  the  result 
is  not  known.  Of  the  six  reported  as  cured,  one  relapsed  in  three 
months,  another  in  seventeen  months,  another  in  four  months,  but  was 
again  operated  on,  and  after  eight  months  there  had  been  no  relapse. 
Of  the  remaining  three  cases  one  had  not  relapsed  uj)  to  nine  and  a  half 
months,  another  had  not  relapsed  at  eight  and  a  half  months,  and  the 
last  remained  well  at  four  and  a  half  months. 

Eyre  has  reported  a  case  of  aneurism  of  the  left  external  iliac  artery 
hy  farado-^wnctnxe.  Symptoms  of  inflammation  appeared,  but  after 
seventeen  days  the  tumor  was  firmer,  and  evinced  less  pulsation.  The 
faradic  current,  however,  has  nothing  to  commend  it  for  the  treatment 
of  aneurism. 

Cmiselli  successfully  treated  an  aneurism  of  the  ascending  aorta  in  a  patient  forty- 
six  years  of  age,  by  a  galvano-puncture.  Three  needles,  connected  with  a  voltaic 
pile  of  thirty  pairs,  were  inserted  in  the  third  intercostal  space  where  the  tumor  was 
prominent  and  the  pulsation  strong.  The  operation  lasted  forty  minutes.  After  the 
operation  the  skin  over  the  tumor  was  red.  For  three  weeks  the  patient  kept  his  bed 
and  took  digitalis.     Forty-three  days  after  the  operation  he  left  the  hospital. 

Fifty-eight  days  after  the  operation  only  a  slight  prominence  remained,  and  no  pul- 
sations could  be  seen.  Seventy-eight  days  after  the  operation  the  patient  resumed 
hb  occupation,  which  was  that  of  a  coachman. 

Varicose  Veins, — ^Varicose  veins  were  treated  by  galvano-puncture 
after  the  manner  of  aneurisms  many  years  ago. 

Bertani  and  Milani  experimented  in  the  treatment  of  varicose  veins 
by  galvano-puncture  as  far  back  as  1847.  These  observers  applied  a 
bandage  or  tourniquet  to  the  limb  to  diminish  the  blood  supply  before 
operating. 

•  Sagli  aneurismi  dell»  aorta  toracica  finora  trattati  colla  clettro-puntura.  Miliano, 
187a  Quoted  in  Dr.  Keyes's  paper  on  Practical  Electro -Therapeutics,  N.  Y.  Medical 
foumal,  December,  1871. 
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Baumgarten  and  Wertheimer  successfully  treated  a  severe  case  of  var- 
icose veins  of  the  upper  extremity  up  to  the  acromion,  whence  the  evil 
seemed  to  spread  over  the  trunk.  The  patient  was  a  young  girL  The 
limb  had  doubled  in  size. 

*^  Baumgarten  and  Wertheimer  introduced  in  three  sittings^  mt  an  interval  of  |w(» 
or  three  days  each  time,  about  ten  needles  into  the  most  extended  velns^  placing  m 
conductor  connected  with  the  negative  pole  in  the  hand  of  the  patient,  at  the  sajhc 
time  cotmeciing  oil  the  needles  with  the  positive  pole.  The  operation  caused  bm 
little  pain.  After  a  few  minutes  the  needles  were  removed,  when,  in  place  of  the 
dilated  veins,  full  resistant  cords  were  feJt,  a  sure  sign  of  complete  coagiilation. 
Afler  ft  month,  the  greater  portion  of  the  veius  were  obliterated*  and  the  volume  of 
the  limb  considerably  reduced ;  only  then  those  veins,  heretofore  of  normal  saxe,  be* 
gon  to  dilate  a  little,  which  circumstance  can  exercise  no  influence  on  our  opinion  9f 
this  modus  QpftandiP  • 

For  the  treatment  of  varicose  veins  the  positive  pole  would  possibly 
be  better  than  the  negative  or  than  both  together,  and  for  the  reasons 
above  giveti.  The  space  within  the  enlarged  vein  is  comparatively 
small,  and  tlie  small  clot  made  by  the  positive  pole  ought  to  be  sufficient 
to  obstruct  the  flow  of  blood.  The  positive  clot  would  have  the  ad- 
vantage of  firmness,  and  embolism  would  be  less  likely  to  follow  than  aitei 
the  use  of  the  negative  pole. 

•  Meyer»  op.  cit„  p.  471. 
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STRICTURES. 

Strictures  of  the  Urethra, — Electrolysis  for  strictures  was  first  used 
\f  CrusseL  The  same  treatment  was  subsequently  employed  by  Wilie- 
brand  and  Wertheimer. 

The  method  of  Willebrand  was  to  introduce  to  the  stricture  a  metallic 
sound,  insulated  up  to  the  tip,  and  to  connect  this  with  the  negative 
pole,  while  the  positive  was  held  in  the  hand  of  the  patient  The  ap- 
plication was  continued  for  ten  or  twenty  minutes,  and  tlie  cure  was 
accomplished  in  eight  or  ten  days. 

The  subject  was  afterwards  studied,  though  not  with  special  success, 
by  Jaksch  and  Leroy  d'EtioUes. 

The  first  important  and  successful  results  in  the  electrolytic  treat- 
ment of  strictures  of  the  urethra  were  obtained  by  Mallez  and  Tripier, 
in  1867.  ♦ 

Their  method  of  treatment  was  to  introduce  an  insulated  sound  with 
a  metallic  extremity  to  the  seat  of  the  stricture,  connecting  it  with  the 
negative  pole,  while  the  positive  was  applied  to  the  inner  side  of  the 
thigh  by  a  moistened  sponge  electrode. 

At  the  commencement  of  the  operation  the  patient  feels  a  pricking 
sensation.  This  sensation  becomes  less  and  less  marked.  The  me- 
tallic extremity  is  then  passed  along  until  all  parts  of  the  stricture  are 
affected.  After  the  operation  a  catheter  can  be  introduced  without 
difficulty. 

The  operation  lasts  about  five  minutes ;  from  one  to  fiv^  applications 
are  necessary.  In  the  majority  of  the  thirty-one  cases  treated  by  Mallez 
and  Tripier,  as  they  claim,  one  application  was  sufficient. 

The  diameter  of  the  urethra  seems  to  increase  slightly  for  a  few  days 
lacceeding  the  operation,  and  in  some  cases  an  eschar  was  thrown  off 
in  a  few  days  after  the  operation. 

*  De  la  Gtt^rbon  durable  de«  R6tr6cissementsde  TUrithre,  par  la  Galvano-Causlique 
Chimiqiifi^  Paris^  1867.    The  term  *<  cJUmical gaivaHo-catUery,"  used  by  these  authors 
b  fynonymous  with  tUdrolysii, 
46 
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Experiments  made  in  Charity  Hospital  by  Drs.  Keyes  and  Beard,*  a  id 
the  experience  of  Dr.  Rockwell  in  private  practice,  do  not  entirely 
confirm  the  results  given  by  Mallez  and  Tripier,  although  substantially 
the  same  method  was  used.  The  operation  was  found  to  be  painfa' 
oftentimes,  and  the  results  not  always  satisfactory,  as  the  following  record, 
which  is  a  fair  sample,  will  show. 

Case  CCXVII. — F.,  aged  forty,  general  health  excellent.  First  gonorrhoea  at 
twenty -second,  second  at  thirty-eighth  year  of  age.  Stream  became  gradually 
reduced  until  Jan.  ii,  187 1,  at  which  time  he  had  complete  retention  for  fifteen 
hours,  relieved  by  hot  baths.  The  patient  entered  the  hospital,  and  was  :reata1 
by  dilatation. 

February  6th. — Examination  detects  the  following  strictures  (orifice  admits  14 
easily) :  At  orifice,  stricture  (linear)  arresting  No.  14  soft  bulbous  sound.  At  .*um 
and  a  half  inches,  stricture  (linear)  arresting  No.  12.  At  five  inches,  stricture,  one-third 
inch  long,  arresting  No.  9.  Current  from  ten  cells  was  passed  through  second  rric< 
ture  for  five  minutes.  A  good  deal  of  pain  complained  of.  Current  from  ten  <*elL 
was  passed  through  lower  stricture  for  ten  mmutes. 

No.  12  bulbous  sound  passed  easily  into  the  bladder  after  the  operation. 

March  4th. — No  slough  has  been  passed.  No.  9  steel  sound  is  gnsped  h\ 
strictuie. 

March  15th. — (Using  my  own  instrument  with  steel  bulb  15^         .) 

Stricture  at  the  orifice  ;  fifteen  cells;  five  minutes ;  bulb  passed.  Structure  at  tw( 
and  a  half  inches;  sixteen  cells ;  ten  minutes ;  bulb  passed.  Stricture  at  five  inches 
sixteen  cells ;  thirteen  minutes ;  bulb  passed.  A  little  blood  was  lost  at  this  opera 
tion,  and  a  good  deal  of  pain  was  felt  afterwards.  No  slough  was  passed.  Tb< 
oriBce  swelled  and  became  hard  and  inflamed.  Patient  refused  to  follow  up  tb< 
treatment  or  to  be  examined  further. 

Dr.  Robert  Newman  reports  far  more  satisfactory  results  in  tlic 
treatment  of  strictures  of  the  urethra.f 

The  leading  and  distinctive  features  of  his  method  are  these  :  i .  The  use 
of  very  mM  galvanic  currents,  just  perceptible  to  the  patient,  and  from 
three  to  five  minutes  in  duration.  Like  other  observers  he  uses  the 
negative  pole.  The  instrument  should  be  held  loosely  against  the  ob- 
struction, and  no  pressure  should  be  used,  and  no  force  whatever.  2. 
Long  intervals,  from  two  to  four  weeks,  between  the  applications. 

Dr.  Newman  insists  on  a  careful  preliminary  diagnosis  of  the  nature 
and  exact  seat  of  the  stricture.  He  operates  with  bougies  provided 
with  metal  bulbs  of  various  sizes.  Unless  the  stricture  is  too  finn 
or  fibrous  he  uses  a  bougie  which  is  three  or  four  times  larger  than  the 
stricture.     After  he  has  ascertained  by  measurement  the  exact  localitj 

♦  From  article  of  Dr.  Keyes  in  the  N.  Y.  Medical  Journal,  December,  1871. 
f  Arcfiives  of  Electrology  and  Neurology,  May,  187  («  p.  18. 
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of  the  slrictuie,  he  pushes  a  small  india-rubber  ring  over  the  bougie,  al 
such  a  distance  from  the  end  that  when  the  ring  reaches  the  meatus 
he  will  know  that  the  bulb  is  in  contact  with  the  stricture,  and  then 
he  is  assured  that  the  electricity  acts  only  on  the  stricture. 

Dr.  Newman  regards  a  patient  as  cured  when  a  No.  12  English 
sound  can  be  passed  without  trouble.  He  claims  to  have  treated  in 
this  way  over  thirty  patients,  and  that  his  results  have  been  uniformly 
good,  and  for  the  reason  in  part  that  he  has  selected  his  cases.  He 
does  not  claim  that  all  strictures  can  be  treated  successfully  in  this 
way,  but  states  that  some  of  his  cases  were  bad  and  complicated.* 

Two  strictures — Chancroid — Failure  of  dilatation — Success  with  electrolysis^ 

R.  A.,  hotel-keeper,  came  under  treatment  in  March^  1872.  Had  been  treated 
in  the  country  for  stricture  by  dilatation,  with  no  success.  Found  a  chancroid 
in  the  uretlira,  which  was  treated  first.  The  two  strictures  were  found  situated  at 
one  and  a  quarter  and  four  and  a  half  inches  from  meatus  respectively. 

March  22.  Electrolysis  was  used  with  a  bougie  No.  lo,  with  a  metal  bulb  as  ne- 
gative ;  positive  electrode  in  the  palm  of  the  hand.  Ten  cells  of  the  galvanic  battery 
were  used  for  nine  minutes,  and  the  bougie  passed  slowly  through  the  strictures  into 
the  bladder. 

April  14.  The  opera»*ion  was  repeated  with  a  bougie  No.  12.  The  patient  has 
been  heard  from  recently,  and  has  not  had  a  relapse. 

One  strictv^Cy  spermatarrhcea^  impotence^  melancholia, 

Marchf  1872. — R.  S.,  a  merchant  of  Philadelphia,  came  to  my  office  in  an 
advanced  stage  of  hypochondriasis,  complaining  of  general  malaise,  spermatorrhoea, 
impotence,  small  stream  of  water,  pain  in  the  urethra,  etc.  A  steel  sound 
No.  12  entered  the  urethra  easily,  but  was  arrested  at  seven  inches.     Sounds  of 

•  Dr.  Newman  gives  the  following  bibliography  of  the  subject : 

Mallez  et  Tripier,  **  Traiiement  des  R^tr^cissements  Ur6traux  par  la  Galvano 
Caustique  Chimique  Negative,  Compte  Rendu  de  I'Acad.  des  Sciences.  Bulletin 
Th6rapeulique,  Mai  30.     Med.  58. 

Mallez  et  Tripier,  **  De  la  Gu6rison  durable  des  R6tr6cissements  de  I'Urithre  par 
la  Galvano-Cjiustique  Chimique." 

Althaus,  in  Goeschen*s  "Deutsche  Klinik,"  No.  34-36,  "Heilungder  Hamroh- 
rcn-Stricturen  durch  die  Electrolyse.'* 

Keyes,  **  Electrolytic  Treatment  of  Stricture  of  the  Urethra."  New  York  Medical 
Journal,  December,  187 1. 

Bautisto  Campos:  **De  la  Galvano-Caustique  Chimique  comme  moyen  da 
Traitement  des  R6tr6cissement  de  I'Ur^thre."     Paris,  1871. 

Dutrieux,  **  De  la  Galvano-Caustique  Chimique  dansle  Traitement  des  R6tr6cisse 
ments  Organic  de  I'Ur^thre."     Press.  Med.  Beige,  No.  25,  1872. 

Mallez  et  Tripisr,  London  Lancet,  October,  1871. 

"Multiple  Strictures  of  the  Urethra  treated  by  Electrolysis,"  by  T.  F.  Frank, 
M.D.,  Medical  Record,  February  2d,  1874,  page  62. 
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smaller  size  were  all  arrested  likewise  at  the  same  place.     There  is  no  doabt  HuX  i 
stricture  exists,  and  at  last  a  sound  No.  7  passed  it  with  difficulty.     The  trouble  must 
exist  either  at  the  junction  of  the  membranous  ajid  prostatic  poi  tion,  or  in  the  lat* 
ter  only.     Galvanism  was  used  with  ten  cells.     Bougie  No.  10,  with  the  usual  metal- 
lic end  as  negative  into  the  urethra,  met  the  same  obstruction  at  seven  inches.    The 
positive  pole  was  a  nickel  bulb,  and  grasped  firmly  with  the  closed  hand.     After  five 
niinutes  of  electrolytic  current,  the  bougie  passed  the  stricture  slowly  and  slipped  into 
the  bladder.     The  withdrawal  of  the  bougie  was  followed  by  a  thick*  gleety  dis* 
charge.     It  seems  that  thb  matter  had  accumulated  behind  the  stricture,  irritated  the 
prostatic  portion  and  the  ducts,  and  thereby  was  accessory  to  creating  a  spermator- 
rhoea.    On  passing  water,  shreds  came  along  of  a  thick  white  mass,  which  were  the 
product  of  electrolysis.     The  operation  has  not  caused  any  pain,  and  the  patient 
travelled  home  without  unpleasant  feeling. 

April  iC.  On  examination  with  a  sound  No.  10,  found  the  stricture  at  the  exact 
place ;  the  sound  passed  the  stricture  after  persistent  and  patient  efforts. 

Then  the  galvanism  was  used  as  before,  with  a  bougie  No.  12  as  negative,  and  witi 
the  same  result. 

May  9.  In  Philadelphia,  a  sound  No.  12  could  be  easily  passed  into  the  bladder 
which  proves  that  the  stricture  is  cured.  The  patient  has  been  kept  under  observa 
tion  for  two  years,  and  has  been  seen  only  two  weeks  since.  He  is  perfectly  well; 
has  married  since,  and  is  the  father  of  a  healthy  child. 

Case  CCXVIII.— J.  A.,  aged  forty.  Two  attacks  of  gonorrhoea  in  1856  and  186^ 
Orifice  admits  18.  Double  linear  stricture  in  first  half-inch,  admitting  13  bulbous 
sound.  From  one  and  a  quarter  to  six  inches  froip  the  meatus  the  whole  urethra  is 
stiff  and  rigid. 

It  grasps  No.  13  steel  sound  throughout.  At  six  inches  a  short  stricture  exists, 
through  which  No.  11  passes  into  the  bladder. 

Fid.  21,  1 87 1.  Steel  bulb  15^;  six  to  sixteen  cells,  gradually  increasing.  First 
stricture  passed  in  one  and  a  quarter  minutes. 

In  half  a  minute  more,  lowest  stricture  was  reached.  In  half  a  minute  lowest  stric- 
ture was  passed.     Some  blood  followed. 

March  4.  Steel  sound  No.  15  passed  into  bladder.  No.  i6  was  grasped  and 
would  not  go.     Patient  left  the  hospitaL 

Case  CCXIX. — S.  F.  P.,  aged  sixty.  Gonorrhoea  at  eighteen,  another  at  twenty. 
In  1836  he  entered  a  hospital  to  be  treated  for  stricture,  and  was  gradually  dilated  to 
12.  In  i860  forcible  dilatation  was  practised  under  chloroform.  He  neglected  to 
pass  instruments  for  himself,  and  had  to  be  treated  again  in  1864,  this  time  by  gra- 
dual dilatation.  Since  then,  he  passes  No.  3  soft  bougie  "  every  time  he  makes 
water,"  but  he  does  not  pass  it  into  the  bladder.  On  examination,  I  ftnd  stricture 
commencing  at  two  inches  from  meatus,  and  continuing  indefinitely  as  far  as  could  be 
ascertained.  Only  a  No.  3  bougie  could  be  passed  into  the  bladder.  Urethra  feels 
"  (outside)  like  a  fibrous  cord. 

March  16.  Steel  bulb  6;  sixteen  cells;  twenty  minutes ;  no  progress;  batterj 
Itemed  very  weak. 

Spasmodic  Stricture. — This  condition  may  be  relieved  by  the  faradic 
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current,  which  by  its  mechanical  action  probably  has  the  efifect  to  relax 
the  parts. 

Dr.  Chadsey*  reports  a  case  of  retention  of  urine,  of  two  days'  standing,  in  1844, 
caused  by  hard  work  and  exposure  to  cold,  that  he  treated  successfully  by  faradization. 
The  stricture  was  about  two-thirds  of  the  distance  from  the  penis  to  the  bladder.  No 
kind  of  catheter  could  pass.  The  positive  pole  of  a  faradic  apparatus  was  applied 
against  the  stricture  for  twenty  minutes  by  means  of  a  knitting-needle  in  a  gum  elas- 
tic catheter.     The  retention  was  completely  relieved. 

Dr.  Chadsey  states  that  he  has  met  with  partial  success  in  other  similar  cases. 

In  this  case  the  result  was  probably  due,  in  the  main,  to  the  mechan- 
ical effects  of  the  current,  and  not  to  any  electrolytic  action. 

Stricture  of  the  (Esophagus. — ^This  terrible  condition  might  very  ap- 
propriately be  treated  by  electrolysis.  Althaus  suggests  that  the  oeso- 
phageal electrode  should  be  applied  to  the  seat  of  the  stricture  and  con- 
nected with  a  negative  pole,  while  the  positive  is  applied  to  the  neck  01 
back.  From  fifteen  to  thirty  cells  would  probably  be  required.  Dr. 
Frank  informs  us  that  he  treated  successfully  a  case  of  spasmodic  strio 
ture  of  the  oesophagus,  by  the  galvanic  current,  applied  by  means  of 
an  oesophageal  electrode. 

^  New  York  Medical  Journal,  February,  1869,  pp.  574,  575. 
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Ulars — Bedsores. — The  earliest  attempts  to  treat  ulcers  by  dec 
tricity  were  made  by  Crussel,  in  1847, 

The  same  treatment  has  been  used  in  s>'philitic  alcers  by  Kyber,  of 
Crotistadt,  Rosenberger,  of  St,  Petersburg,  and  in  the  majorit)'  of  thcii 
reported  cases  with  success. 

Ulcers  may  be  treated  with  both  currents  by  means  of  metallic  disks 
or  plates  covered  with  soft  sponge.  Galvanization  serves  to  cure  in 
such  cases  partly  by  its  dtctrolyiic  effects.  One  electrode  may  be  ap- 
plied to  the  ulcer,  and  the  other  to  the  near  at  large  nerve-hranck  at 
plexus^  or  to  the  sympathetic  or  spinal  cord.  The  applications  should 
not  be  excessively  painful  In  some  cases  decided  results  may  follour 
a  single  application  of  electricity  to  an  ulcerated  surface.  In  a  case  of 
an  ulcer  in  the  leg  of  a  girl  eight  years  of  age,  one  faradization  with  a 
current  of  moderate  strength  so  improved  the  nutrition  of  the  parts  that 
healing  at  once  commenced,  and  in  a  short  time  entire  recovery  took 
place  without  any  further  treatment.  Ulcers  may  also  be  cauterized  by 
the  galvano  cautery. 

In  the  treatment  of  ulcers,  and  indeed  of  many  conditions,  it  is  a  con* 
venience  to  have  one  electrode  kept  in  a  fixed  position  without  the  aid 
of  the  physician  or  of  an  assistant.  For  this  purpose  the  adjustable 
electrodes,  provided  with  a  rubber  belt  which  can  be  passed  around  the 
limbs  or  body»  are  convenient. 

Ulcers  may  also  be  treated  by  prolonged  applications  with  the  so- 
called  **body  batteries."  A  disk  of  zinc  connected  by  a  wire  with  a 
disk  of  silver.  Either  the  zinc  or  the  silver  disk  may  be  applied  over 
the  ulcer,  and  the  circuit  completed  by  one  disk  on  an  indifferent  point, 
or  in  case  there  are  two  ulcers,  one  may  be  covered  with  the  silver  disk, 
and  the  other  with  the  zinc  disk.  These  disks  may  be  kept  in  posi- 
tion and  worn  all  the  time,  or  only  at  night. 

Garrett's  electric  disk  may  also  be  used  for  the  same  purF>09e* 

The  results  of  these  prolonged  applications  are  most  exccllenty  eft* 
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pedally  in  bed- sores.     We  have  known  them  to  fail,  however,  in  verj 
bad  cases,  and  notably  when  great  debility  existed. 

IndoUnt  ulcer  of  tfu  arm  ;   recovery  under  local  galvanitation. 
Cask  CCXX.— Mary  H.,  aged  forty,  while  moving,  May  i,  1871,  fell  and  in- 
jured the  arm  immediately  above  the  external  condyle.     The  pain  was  excessive  and 
continued  to  distress  her  for  several  weeks,  when  a  small  ulcer  made  its  appearance  and 
enlarged  until  it  was  two  inches  in  diameter. 

The  patient  applied  for  treatment,  July  18.  The  ulcer  was  covered  with  a  dark- 
colored  scab  three-fourths  of  an  inch,  partly  lifted  from  its  resting-place  by  exuberant 
and  unhealthy  granulations. 

The  scab  was  removed,  and  a  wet  cloth  in  connection  with  the  positive  pole  was 
applied  to  the  diseased  part,  while  the  negative  was  placed  on  an  indifferent  but  ap- 
proximate part.  The  galvanic  current  was  used.  She  suffered  no  more  pain  after  the 
second  stance,  and  as  the  applications  were  repeated  the  ulcer  rapidly  healed,  until 
August  30,  when  the  part  was  covered  by  sound,  healthy  skin. 

Syphilitic  ulcer  ;  recovery  follows  three  opercUions  by  electrolysis. 
Case  CCXX  I  — Catherine  McK.,  aged  forty,  suffered  three  years  since  from  a 
number  of  syphilitic  tubercles  and  ulcers  about  her  hips,  thighs,  and  vulva.  They  per- 
sisted along  time  and  gave  her  much  annoyance,  but  finally  healed,  with  the  exception 
of  one  on  the  inside  of  the  thigh.  It  was  elevated  nearly  one-half  an  inch  above  the 
sorrotmding  surface,  was  excessively  painful,  and  discharged  an  offensive  secretion.  A 
needle  connected  with  the  positive  pole  was  passed  through  the  base  of  the  elevation, 
and  a  current  of  moderate  tension  allowed  to  pass  for  a  few  moments.  This  applica- 
tion dissipated  all  pain,  and  after  the  third  stance,  given  several  weeks  after  the  first, 
toon  healed,  and  the  patient  was  discharged  from  the  Dispensary. 

Anal  Fistula  of  long  standing  treated  by  galvanization  with  both  poles — Relief 

of  pain. 

Cask  CCXXII.— A  case  of  fistulx,  at  and  near  the  anus  in  a  shoemaker,  wat 
brought  to  us  by  Dr. Russell,  of  Brooklyn.  The  patient  had  a  fistula  with  four  open- 
ings— one  in  the  rump  and  the  others  at  the  border  of  tlie  anus.  The  origin  of  the 
difficulty  was  local  injury.  The  patient  had  once  been  operated  on  with  the  knife 
without  permanent  relief  Examination  had  made  it  pretty  clear  that  necrosed  bone 
was  the  cause  of  the  fistula,  and  kept  up  the  constant  discharge. 

We  first  electrolyzed  away  with  the  long  cutting  needles  the  painful  protuberance! 
at  the  orifice,  near  the  anus.  The  removal  of  these  caused  great  relief,  and  enabled 
the  patient  to  sit  down  and  to  resume  his  occupation.  We  then  placed  long,  polished 
steel  conductors  into  the  opening  in  the  rump,  connecting  them  with  the  negative 
or  positive  pole,  using  the  positive  when  the  hemorrhage  was  greatest.  The  con- 
ductors were  introduced  up  to  the  bone.  Strong  currents  were  borne,  and  great  re- 
lief obtained  of  the  pain  and  uneasiness,  but  no  permanent  cure. 

Galvano-Ozonization. — ^This  is  a  term  employed  by  Dr.  A.  Murray, 
ot  New  York,  to  designate  the  combined  action  of  ozone  and  the  gal 
vanic  current  in  the  treatment  of  ulcers.     He  claims  that  his  cxperi 
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ments  show  that  ozone  is  generated  at  the  positive  pole  when  the  gal- 
vanic current  is  applied  to  an  ulcer,  and  that  the  ozone  thus  generated 
has  a  curative  effect  on  the  ulcer,  and  aids  the  other  action  of  the  current 
For  this  reason  he  regards  the  positive  pole  superior  to  the  nega- 
tive in  the  galvanic  treatment  of  nlcen,  fistuUe,  and  so  forth. 


CHAPTER  VIIL 


MISCELLANEOUS  SURGICAL  DISEASES. 


Siumfs  after  amputation  that  are  slow  to  heal  have  been  successfully 
treated  by  electricity,  like  ordinary  ulcers,  by  Dr.  Geo.  K.  Smith  and 
by  Dr.  Snively,  of  Brooklyn. 

Hematocele, — Haematocele  of  the  pelvis  or  pudenda,  or  of  other  por- 
tions of  the  body,  may  be  treated  electrolytically,  like  erectile  tumors, 
and  by  ordinary  faradization. 

Gangrene. — Gangrene  may  be  treated  electrically  in  various  ways, 
but  especially  by  electrolysis  and  galvano-cautery. 

Carbuncles  and  Furuncles, — Dr.  Rockwell  demonstrated  long  ago 
that  faradization  was  capable  of  hastening  suppuration,  and  we  have 
frequently  utilized  this  fact  in  the  treatment,  not  only  of  carbuncles 
and  furuncles,  but  of  various  other  forms  of  abscesses.  Dr.  Sass  in- 
forms us  that  a  number  of  years  since  he  used  this  treatment  in  two 
instances  with  good  effect. 

Burns, — Bums  in  a  subacute  stage  might  not  unlikely  be  helped 
toward  recovery  by  faradization  or  galvanization. 

Frost-bite  (Chilblains), — In  the  first  edition  of  this  work  we  stated 
that  we  were  not  aware  that  any  attempts  have  been  made  to  treat  chil- 
blains by  electricity,  but  that  it  certainly  would  not  be  irrational  to  try 
the  power  of  galvanization  in  this  disease.  Successful  results  have  been 
recently  reported  by  various  observers.  Chilblains  are  to  be  treated  like 
ulcers. 

Synovitis. — In  effusions  of  an  acute  and  very  sensitive  character, 
electricity  is  usually  not  indicated,  but  in  the  subacute  and  chronic 
forms  it  is  of  great  efficacy.  The  treatment  should  be  directed  by  the 
cause  and  stage  of  the  disease,  and  by  the  results  of  trial  in  each  case. 

The  treatment  of  those  cases  that  depend  on  rheumatism,  or  hysteria, 
should  be  constitutional  as  well  as  local.  In  some  cases  general 
fiairadization,  with  special  attention  to  the  affected  joint,  is  sufficient ;  in 
others  the  general  treatment  is  sensibly  aided  by  galvanization  or  fara- 
dization of  the  joint. 
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Whether  the  galvanic  or  faradic  current  is  to  be  preferred  for  local 
applications  can  only  be  determined  by  the  results  of  trial.  Our  cus- 
tom is  to  begin  wifh  the  faradic  current,  and  to  use  it  so  long  as  benefit 
results,  and  then  to  change  to  the  galvanic.  It  should  be  borne  in 
mind  that  the  greater  chemical  effects  of  the  galvanic  current  are  in 
these  cases  frequently  more  than  counterbalanced  by  the  powerful 
mechanical  action  of  the  faradic  Stable  increasing  currents  are  to  ht 
preferred. 

This  is  one  of  the  conditions  in  which  localized  galvano-faradizatior 
(see  p.  266)  may  be  tried.  The  electrical  treatment  of  effusions  of 
the  joints  is  much  aided  by  using  the  hands  as  an  electrode,  with  gei* 
tie  but  firm  manipulation.  There  is  no  question  that  under  the  influ 
ence  of  *•  rubbing  "  have  been  wrought  many  important  cures  in  these 
affections. 

Electrolysis  has  been  successfully  employed  in  effusions.  It  may  be 
resorted  to  in  all  obstinate  cases. 

Synointis  of  the  knee,  complicated  with  hemiplegia — Recovery  under  far  aditation. 

Case CCXXIII.— Mr.  Geo.  L.,  aged  35,  stated  that  about  the  ist  of  July,  1866,  he 
was  simstruck ;  and  between  the  20th  of  the  same  month  and  the  15th  of  August,  he 
suffered  from  three  strokes  of  hemiplegia,  resulting  finally  in  total  blindness.  His 
sight  gradually  returned,  but  by  degrees  his  shoulders  became  lame  and  stiff,  so  that 
he  could  wi'ih  difficulty  use  them.  This  state  of  things  continued  until  about  the  nud- 
dle  of  September,  when  both  knees  and  ankles  commenced  to  enlarge.  In  November, 
when  the  patient  applied  to  us  for  treatment,  we  found  him  suffering  from  severe  sub- 
acute synovitis.  Both  knees  were  enormously  swollen,  the  fluid  having  accumulAted 
to  such  an  extent  that  the  patellse  projected  forward  more  than  an  inch.  Four  applica- 
tions of  the  faradic  current  were  given,  one  every  day,  but  with  no  marked  effect,  ex- 
cept tliat  the  lameness  of  the  shoulders  and  ankles  was  much  relieved. 

He  then  left  the  city  and  was  absent  one  week.  On  his  return  the  improvement 
was  found  to  be  very  great.  The  accumulation  of  fluid  in  the  knees  had  almost  entirely 
disappeared,  and  the  swelling  was  reduced  in  proportion.  At  first,  the  strongest  cur- 
rent from  Kidder's  apparatus  made  no  impression,  when  applied  down  the  spine.  The 
legs  were  but  little  sensitive  to  the  electric  stream,  and  the  feet  and  toes,  which  are 
generally  very  readily  affected,  were  remarkably  torpid.  The  applications  were  con- 
tinued on  Dec.  3d,  4th,  5th,  7th,  and  9th,  effectually  removing  this  want  of  sensation, 
and  completely  dissipating  the  remaining  swelling  and  tenderness  of  the  knees. 

Hydrocele. — Electro-puncture  was  first  tried  for  hydrocele  by  Schuster 
in  1839. 

The  method  is  to  introduce  the  needle  into  the  tumor  at  opposite 
sides,  and  so  deep  that  the  points  nearly  approach  each  other.  The 
needles  are  then  attached  to  from  three  to  six  elements  of  a  galvanic 
battery.    The  application  should  be  made  for  five  or  ten  minutes.    One 
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two,  or  three  applications  usually  suffice  to  complete  a  cuie.  The 
«iame  treatment  has  been  successfully  emuloyed  by  many  others. 

Successful  results  from  the  faradic  current  have  been  reported  by 
Burdel,  Deletanche,  Lehmann,  and  Thevissen.  The  galvanic  is  un- 
doubtedly the  current  to  be  employed  in  such  cases. 

Hydrocele,  in  short,  should  be  treated  electrically  like  cystic  tu- 
mors. The  great  end  to  be  accomplished  is  not  the  ^withdrawing  of 
the  fluid,  which  can  be  done  with  the  ordinary  trocar,  but  the  stimulation 
of  the  membrane  of  the  sac,  so  that  absorption  shall  take  place  and  the 
fluid  not  again  collect.  Many  of  the  failures  that  have  occurred  in  the 
treatment  of  hydrocele  have  been  due  to  a  misapprehension  of  this  fact. 
Dr.  Frank  has  combined  the  use  of  galvano-cautery  with  electrolysis  in 
the  treatment  of  hydrocele.  In  some  cases  there  will  be  a  return  of 
the  disease  even  after  electrolysis. 

Sprains  {strains). — Sprains  of  joints  of  all  kinds  may  be  treated  by 
electricity ;  faradization  and  galvanization  of  the  affected  part  with  a 
mild,  stable,  or  gently  labile  current  are  indicated.  We  have  in  this 
way  treated  all  stages  of  sprains — acute,  subacute,  and  chronic — and 
almost  uniformly,  thus  far,  with  beneficial  or  curative  results.  We 
have  not  been  able  to  decide  which  current  is  preferable. 

Sprains  in  the  acute  stage,  or  just  passing  into  the  subacute  stage, 
should  be  treated  by  ver}'  mild  currents  and  by  short  applications. 

In  such  cases  no  electrode  is  so  agreeable  as  the  hand  of  the  opera- 
tor gently  passed  over  the  painful  part 

We  have  treated  a  number  of  cases  of  sprains  of  the  wrist  in  patients 
who  are  engaged  in  manual  employments.  In  such  conditions  the  lo- 
calized application  of  the  faradic  current  alone  rapidly  brings  on  the 
recovery. 

Strains  of  muscles  with  rupture  of  fibres ^^  so  far  as  our  limited  ob- 
servation goes,  do  not  yield  to  electrical  treatment.  In  the  few  cases 
where  we  have  perse veringly  used  faradization  and  galvanization  we 
have  not  been  able  to  see  that  the  slow  improvement  was  in  any  degree 
hastened. 

Lameness  and  swelling  caused  by  a  sprain — Relieved  by  local  faradization. 

Case  CCXXIV. — The  power  of  the  faradic  current  to  allay  irritation  and  relieve 
lameness,  in  cases  of  sprains  or  injuries,  was  well  illustrated  in  the  case  of  a  Mrs.  B., 
directed  to  us  by  Dr.  Kissam.  Her  foot  was  heavily  pressed  upon  by  the  rocker  of  a 
chair,  and  caused  such  ecchymosis,  pain,  swelling,  and  lameness,  that  for  two  months 
she  was  unable  to  walk  more  than  from  her  house  to  her  carriage.  The  faradic  cur- 
rent, applied  over  and  around  the  foot  a  number  of  times,  relieved  most  decidedly  the 
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swelling  and  lameness,  and  enabled  tTie  patient,  in  a  few  ^^eeks,  to  exercise  tn  watl&A 
without  sciitms  difficulty. 

Spondylith  (Potfs  Disease). — Spondylitis  is  a  tenn  that  is  applii 
to  intlammation  of  the  vcrtcbral^  Among  its  symptoms  are  at  fii 
changes  in  shane  of  the  spinal  column,  obstinate  gastralgia,  or  ncuralg 
pains  in  the  breast  and  various  jjarts  of  the  body,  and  subsequently  pr^O 
jection  of  the  diseased  vertebr.-e,  deformity  of  the  spine,  peculiar  attituC^^ 
and  paralysis,*  sensitiveness  of  certain  vertebice,  and  s])onlancoL 
pains  in  the  spine. f 

The  form  in  which  it  appears  is  m  the  cervical  and  upper  dorsal  vertc 
bta,  with  the  syniptoins  of  jieuralgia  in  the  arm,  or  neck,  or  lowci 
limbs.     Some  cases  of  torticollis,  and  even  of  chorea,  may  depend  ot^ 
disease  o^  the  vertebra.     Other  symptoms  are   paralysis,  atrophy,  of 
contraction  of  certain  muscles.     In  many  cases  of  intlammation  of  the 
vertebra  tlie  nature  of  the  disease  is  not  suspected,  because  the  change? 
in  the  form  of  the  spinal  column  and  the  immobility  of  the  vertebra  only 
appear  after  the  morbid  process  had  made  considerable  advance. 

In  making  the  diagnosis  it  should  be  considered  that  the  appearances 
of  the  spine,  which  are  usually  regarded  as  evidences  of  spondylitii^ 
may  arise  from  paralysis,  or  atrophy  of  the  muscles,  with  contr^'-tions 
of  the  antagonists. 

The  treatment  consists  in  galvanization  of  the  affected  vertcbnCt 
the  positive  pole  being  placed  over  the  seat  of  the  disease,  and  the 
negative  at  some  point  above  or  below.  The  results  are  sometimci 
beneficial. 

Spina!  Curvature, — Lateral  curvature  of  the  spine,  depending  on  re*! 
laxation  of  the  muscles  and  ligaments,  and  associated  with  gcneml  de- 
bility, is  a  condition  for  which  general  and  localized  faradization  and 
galvanization  of  the  sympathetic  are  well  indicated,  and  in  which  tJicyj 
have  wrought  most  important  results.     General  faradization  aloDe  is* 
pretty  sure  to  be  of  service,  both  in  raising  the  tone  of  the  sysicm  and 
in  [>ern>anently  relieving  the  curvature.     The  electrical  treatment  may 
be  used  in  connection  with  mechanical  ap[»liances, 

Pseudo-arihrosis  ( Ununited  Fracture). — Btinnan  obtained  a  good  re- 
sult from  electrical  treatment  of  a  transverse  portion  of  the  tibia  and 
fibula.  After  the  lapse  of  a  month  the  bones  had  not  united.  A 
bandage  was  applied  and  a  current  (whether  faradic  or  galvanic  \s 


♦  Seepupet  on  Differential  Diagnons  of  Disetut*  9f  thi  Spini^  by  ChAS«  F,  Tayloi^ 
M.D. 

f  Benedikt,  op.  dt,,  31  a. 
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stated)  was  applied  for  half  an  hour  by  two  needles.  Suppuration  fol- 
lowed, callis  was  formed,  and  entire  recovery  took  place. 

Hall  also  obtained  a  successful  result  in  a  fracture  of  the  thigh 
by  the  same  treatment.  The  operation  was  repeated  daily  for  two 
weeks. 

Hahn  also  reports  a  successful  result  from  electro-puncture  in  a  case 
of  fracture  of  the  thigh.  He  used  at  first  magneto-electricity,  and  sub- 
sequently the  galvanic  current.  No  improvement  followed  the  use  of 
magneto-electricit}',  while  the  galvanic  current  brought  on  inflammation 
in  six  days.  The  inflammation  thus  excited  produced  a  union  of  the 
fracture  in  ten  days. 

We  treated  a  case  of  ununited  fracture  of  femur  at  the  Long  Island 
College  Hospital.  Insulated  needles  were  used,  and  very  strong  cur- 
rents. Inflammation  was  excited,  and  some  improvement  was  mani- 
fest, but  the  bones  were  so  far  apart  that  it  was  found  necessary  for  the 
surgeons  to  operate  in  the  usual  manner. 

Hernia, — Delaux  reports  a  case  of  incarcerated  femoral  hernia  in  a 
woman  who  refused  to  submit  to  an  operation.  Tumor  disappeared 
after  a  few  apphcaiions.  The  first  application  was  directed  to  the  her- 
nia, and  in  the  other  applications  one  pole  was  applied  to  the  hernia 
and  the  other  in  the  rectum.  Before  electrical  treatment  was  tried  the 
patient  was  growing  worse.  Faradization  might  give  tone  to  the  weak- 
ened muscles  in  reducible  hernia,  and  for  this  purpose  we  have  em- 
ployed it  in  a  single  instance ;  of  the  results  we  have  not  been  in- 
formed. 

Morbus  Coxarius  {Disease  of  the  Hip-joint), — This  condition  may 
be  treated  electrically,  in  connection  with  ordinary  mechanical  treat- 
ment, with  a  twofold  object  of  hastening  the  recovery  of  the  lesion 
and  improving  the  general  condition.  The  methods  of  treatment  that 
would  seem  to  offer  most  hope  are  stable  faradization  or  galvanization 
of  the  diseased  joints,  five,  ten,  or  fifteen  minutes  daily,  alternating 
with  general  faradization.  This  treatment  might  be  used  in  connection 
with  the  ordinary  method  by  extension. 

Club-Foot  (Talipes). — In  club-foot  it  is  not  unfrequently  a  great 
advantage  to  combine  faradization  or  galvanization  of  the  partially 
paralyzed  muscles  with  the  use  of  mechanical  appliances  (see  chaptei 
on  Infantile  Paralysis). 

Warts, — Warts,  if  they  were  regarded  as  of  sufficient  importance, 
might  be  removed  by  electrolysis  of  the  base,  or  by  the  galvano-cau- 
tcry. 

Dissolution  of  Calculi  in  the  Bladder, — The  et:  {/loyment  of  the  ga) 
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vanic  current  to  dissolve  calculi  was  proposed  by  Bourier  in  i8ot, 
Morgiardini  and  Lando  in  1803,  and  by  Gruithuisen  in  1813,  but  was 
rirst  successfully  earned  out  by  Provost  and  Dumas  in  1823. 

The  theory  of  Provost  and  Dumas  was,  the  calculus  could  be  made 
to  crumble  by  the  mechanical  eflect  of  the  gases  generated  by  the  cur- 
rent In  their  first  experiment  they  placed  a  fusible  human  calculus 
in  water,  submitted  it  to  the  action  of  a  voltaic  pile  of  120  eleroenti 
for  twelve  hours.  Platinum  wires  were  placed  against  the  calculus,  on 
opposite  sides.  Fine  ]iovvder  soon  appeared.  At  the  end  of  the  oper- 
ation the  calculus  was  found  to  have  lost  12  grains  in  weigh t*  the  origi- 
nal weight  having  been  92  grains.  It  was  again  submitted  to  the  cur- 
rent for  16  hours,  at  the  end  of  which  time  it  was  reduced  to  very  smaH 
fragments  that  could  have  easily  passed  the  urethra. 

Their  second  experiment  was  made  on  a  fusible  calculus  in  thebla(^ 
der  of  a  living  bitch,  into  which  warm  water  had  been  injected.  The 
a]>plication,  which  lasted  an  hour^  was  repealed  12  times  during  sii 
days.  The  calculus  had  become  so  friable  that  the  operation  was  not 
repeated.  Examination  of  the  bitch  after  death  showed  evidence  that 
the  bladder  had  been  injured  by  the  operation. 

In  1835,  Bonnet  proved  that  by  applying  platinum  electrodes  to  the 
opposite  sides  of  a  calculus  in  a  solution  of  nitrate  of  potash,  electro- 
chemical  decomposition  ensued,  by  which  nitric  acid  appeared  at  one 
electrode  and  potash  at  the  other.  The  effect  of  these  two  substances 
w^as  to  dissolve  the  calculus.  Stones  composed  of  phosphate  mil  be 
dissolved  on  the  acid,  and  those  coniv>osed  of  uric  acid  or  urate  of 
ammonia  on  the  alkaline  side.  Under  this  action,  the  stone*  unless 
ver>^  hard,  becomes  friable  and  falls  to  pieces.  These  experiments 
were  confirmed  by  Bence  Jones,  who  also  found  that  calculi  of  oxar 
late  of  lime  could  be  slowly  dissolved  in  the  sanve  way.  Neither  of  these 
experimenters  attempted  the  dissolution  of  calculi  in  the  human  blad- 
der. Some  experiments  made  by  Dr.  Rockwell  in  this  line,  and  also 
by  Dr.  Beard,  at  the  suggestion  of  Dr.  Gomley,  did  not  give  very  satis- 
factory results.  The  amount  of  decomijosition  of  phosphatic  stone  WM 
very  trifling,  even  when  strong  currents  were  used  for  several  hours. 

EUctric  Explorer  or  Probe. — ^This  apparatus  (Fig.  188)  indicates  at 
once  the  presence  of  metallic  bodies  in  gunshot  wounds. 

Fig.  t  represents  its  natural  size.  Fig,  2  shows  one  of  the  exploring 
§oiinds.  There  are  generally  two  sounds,  one  stiff,  the  other  flex- 
ible. 

The  trembler  or  needle  is  so  arranged  as  to  resist  all  shocks  and  fulfil 
the  following  conditions  : — 
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1.  It  is  very  portable,  and  in  all  possible  positions  can  be  carried  in 
the  vest  pocket,  or  in  the  ordinary  surgical  case. 

2.  It  cannot  be  deranged. 

3.  Three  senses  take  part  in  making  the 
exploration — the  hearing,  the  touch,  and  the 
sight 

4.  It  indicates  with  certainty  the  presence 
of  a  ball  by  the  movement  of  the  trembler, 
an  effect  which  is  only  produced  when  the 
circuit  is  closed  by  a  metallic  body.  Experi- 
ence has  shown  that  the  contact  of  organic 
tissues,  even  with  a  battery  of  15  elements 
(and  probably  with  even  a  greater  number), 
will  not  put  the  trembler  in  vibration. 

5.  The  explorer  indicates  at  the  same  time 
the  depth  at  which  the  ball  is  situated,  and 
in  some  cases  also  the  flexible  sound  pre- 
serves the  form  of  the  canal  through  which 
it  passes. 

The  battery  is  in  a  case  made  of  hard  rub- 
ber. This  holds  the  elements,  zinc  and  car- 
bon, which  fill  only  half.  The  other  half  is 
occupied  by  the  exciting  liquid,  a  solution  of 
sulphate  of  mercury.  When  the  case  is  re- 
versed, or  in  a  horizontal  position,  the  liquid 
flows  on  to  the  element  and  a  current  arises  ; 
when  the  case  is  in  a  vertical  position  the 
metals  are  not  touched  by  the  liquid,  and  fig  iss. 

there  is  no  current*  Trouve's  Electric  Explorer. 


*  The  first  apparatus  for  the  electric  exploration  of  wounds  was  devised  by  M. 
Favre,  of  Marseilles,  of  which  the  following  description  was  given  by  N^laton,  in  re- 
marks to  his  class  at  the  Hdpital  des  Cliniques:  **  Two  conducting  wires  are  placed  in 
a  sheath,  or  the  two  electrodes  may  be  covered  by  an  isolating  substance.  These  wires 
are  in  communication  with  a  battery  of  only  one  couple,  and  a  galvanometer  is  fastened 
on  one  of  the  wires.  If  you  introduce  the  end  of  these  into  a  wound,  the  contact  of 
the  soft  parts,  the  bones,  or  pus,  is  not  sufficient  to  establish  a  current,  but  if  the 
ends  come  in  contact  with  a  metallic  body,  the  needle  of  the  galvanometer  will  rise, 
this  being  a  proof  that  the  circuit  is  complete.  Only  one  couple,  however,  should  be 
used,  so  as  to  avoid  the  decomposition  of  the  fluids  in  the  wound,  which  would  imme- 
diately give  rise  to  a  current." — {Am.  Jour.  Med,  Sciences^  vol.  xlv.,  1863,  p.  218.) 
During  the  recent  Franco- Prussian  war  an  "  Electric  Bullet  seeker ^^'^  that  strikes  • 
little  bell  when  metallic  connection  is  made,  has  been  successfully  used. 
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Extraction  of  Foreign  Bodies  by  the  Electro- Magnet. — Dr.  Del 
has  suggested  the  electroniagnct  as  a  means  of  extracting  foreign  bodief 
from  the  eye,  urethra,  auditory  canal,  etc  He  states  tliat  the  magnet 
has  been  used  for  the  purpose  of  extracting  pieces  of  iron  and  steel 
from  the  eye  since  the  days  of  Fabrice  de  Hilden.  Delore*s  altention 
was  called  to  the  subject  by  an  attempt  which  he  made  lo  extract  t 
piece  of  a  pin  from  the  external  auditory  canal  A  slender  magnet 
was  prepared  by  M*  Fasse,  which  could  be  bent  at  will,  but  it  was 
found  to  be  not  sufficiently  pow^erfut  Then  M.  Fasse  suggested  the 
idea  of  using  the  electro -magnet  for  this  purpose.  With  this  view  he 
constructed  a  small  electro-magnet,  composed  of  a  stem  of  iron,  with 
a  bulbous  extremity,  and  covered  widi  several  w^indings  of  insulated 
copper  wire. 

The  force  that  is  obtained  is  in  proportion  to  the  strength  of  the 
current  used  to  magnetize  the  iron*  the  number  of  spirals,  and  the 
diameter  of  the  magnet. 

In  order  to  ascertain  how  much  power  was  necessary  to  extrmct 
needles  from  the  body,  a  number  of  experiments  were  made, 

**  A  needle  embedded  in  the  horny  substance  of  the  hand  to  the 
dei>th  of  three  millimetres  requires  for  us  extraction  a  traction  of  89 
grammes.'* 

**  Embedded  sixteen  miUi,  deep  in  the  heel  of  a  cadaver  requires  400 
grams." 

**  Embedded  four  centimetres  deep  in  the  calf  of  the  leg  it  requires 
400  grams,'^ 

**  If  it  has  perforated  the  cornea  it  must  have  a  traction  of  39 
grams.'' 

The  advantage  claimed  for  this  method  of  extracting  foreign  metallic 
bodies  is  that  "  it  produces  no  sensation  on  the  surface  of  the  tissuev** 
and  also  is  less  liable  to  injure  them  than  forceps  or  probesi. 

The  investigations  of  Dr.  T.  R,  Fooley,  of  New  York,  lead  him  to  the 
following  conclusions  :  i.  That  a  steel  or  iron  body  in  the  eye  may  be 
detected  by  a  suspended  magnet  when  the  body  lies  near  its  surface. 
2.  The  presence  and  position  of  such  a  foreign  body  may  most  surcljT 
be  found  by  making  it  a  magnet  by  induction,  and  then  testing  for  id 
by  a  minute  suspended  magnet.  3.  The  intensity  of  deflection  of  the 
needle  is  proportionate  to  the  depth  of  the  body.  4.  Changes  of  de- 
flection of  the  needle  indicate  changes  of  position  in  the  foreign  body. 

An  interesting  case  is  reported  by  Hardy.f  Forty-eight  hours  aAcf 
the  injury  a  small,  narrow  strip  of  steel  was  seen  resting  on  the  anterior 

*  Translaterl  from  Lyon  Mtiflfat^  in  A^.  V*  Midkat  Gautte^  Aug.  20,  18701 
\  Me^ilcal  Timt?»  andOMJtVVt-,  Kt^\L  i^  1S78,  p.  401. 
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surface  of  the  lens,  so  situated  as  to  be  covered  by  the  iris  unless  the 
pupil  was  dilated.  Only  a  small  part  of  the  lens  behind  the  bit  of  metal 
was  opaque.  Twenty-four  hours  later  the  effect  of  a  powerful  electro 
bar-magnet  outside  the  eye  was  tried.  Wlien  the  pole  of  this  magnet 
had  been  approached  to  a  distance  of  four  inches  from  the  cornea,  the 
chip  was  seen  suddenly  to  spring  away  from  the  lens  to  the 
posterior  surface  of  the  cornea.  On  removal  of  the  mag- 
net the  metal  fell  to  the  bottom  of  the  anterior  chamber, 
and  was  then  extracted  through  an  incision  made  as  for 
iridectomy.  The  lens  became  afterward  opaque  through- 
out, and  was  then  gradually  absorbed. 

Gruening's  Magnet  (Fig.  189)  for  the  removal  of  parti- 
cles of  steel  or  iron  from  the  vitreous  chamber  is  manufac- 
tured by  John  Reynders  &  Co.,  New  York. 

Several  magnets  are  joined  into  a  bundle,  thus  making  a 
powerful  magnetic  magazine,  and  concentrating  the  greatest 
possible  magnetic  polarity  in  the  least  possible  dimensions. 
A  long  and  delicate  piece  of  malleable  iron  is  fitted  into 
one  extremity  of  the  bundle  of  magnets.  As  shown  in' the 
cut,  the  two  extremities  of  a  number  of  magnetized  steel 
rods  placed  parallel  to  and  at  a  little  distance  from  each 
other,  are  fitted  into  iron  caps,  one  of  which  is  provided 
with  a  delicate  point  of  malleable  iron  3  mm.  long,  i  mm. 
wide,  and  0.3  mm.  thick  This  point  is  powerfully  mag- 
netic, sustaining  with  ease  a  weight  of  fifteen  grammes. 
Chips  of  iron  weighing  from  one  to  fifty  centigrammes, 
when  placed  into  the  vitreous  of  recently  enucleated  animal 
eyes,  are  attracted  toward  the  point  at  a  distance  of  i  to 
5  mm.,  and  withdrawn  with  the  greatest  facility.  The  instru- 
ment thus  perfected  equals  Hirschberg*s  electro-magnet  in 
eflficiency,  but  surpasses  it  in  simplicity  of  construction, 
convenience  of  form,  and  lowness  of  price. 

Electro  Chemical  Baths  —Removal  of  Poisonous  Metals 
from  the  Body. — In  1855  Vergn^s  and  Poey,  of  Havana,  re- 
ported to  the  French  Academy  a  method  of  removing  poi- 
sonous metals  from  the  body  by  means  of  the  galvanic  current.  Vergn^s, 
while  practising  electroplating  in  1852,  had  brought  an  obstinate  ulcera- 
tion on  his  hands.  He  placed  his  hands  in  an  electric  bath,  connected 
with  the  positive  pole.  In  fifteen  minutes  a  metallic  plate  connected 
with  the  negative  pole  in  the  bath  was  covered  with  gold  or  silver 
from  the  ulcer.     A  few  such  treatments  cured  the  ulcers. 

An  electro-chemical  bath  is  taken  as  follows :    An  isolated  metallic 
47 
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tub  is  placed  on  an  isolated  bench.  The  tub  is  filled  with  water, 
ulated  with  nitric  acid  of  mercury,  gold  or  silver*  and  sutphuric  acid  U 
lead  is  in  the  patient  The  patient  is  placed  in  the  baih,  and  the  tub 
is  connected  with  the  negative  pole,  while  the  patient  takes  the  positive 
|)ole,  part  of  the  time  in  the  right  and  part  of  the  time  in  the  left  band* 
The  current  now  enters  the  arms»  and  passes  through  the  body  to  the 
tub.  The  metal  that  is  extracted  from  the  body  is  found  on  the  sides 
of  the  rub,  in  the  water  in  the  tub,  and  in  the  atmosphere  of  the  room 
from  evaporation. 

These  experiments  were  confimaed  by  Caplin  and  Meding.  Meding 
extracted  mercury  from  a  patient  in  this  way,  Vergn^s  employs  elec* 
tro-chemical  baths  also  for  introducing  medical  substances  into  the  body* 
The  patient  sits  in  the  bath  containing  the  solution,  and  in  the  position 
described,  and  absorbs  the  substance  while  the  current  is  passings 
Among  the  remedies  that  Vergn^s  employs  for  the  purpose  are  phos- 
phate of  iron  and  nitric  acid.  There  is  little  question  that  the  passage 
of  the  current  through  the  body,  iniuiersed  in  certain  medicated  solu- 
tions, aids  in  the  absorption  of  some  portion  of  the  coraix>und.  This 
whole  subject,  however,  is  yet  in  dispute,  and  will  remain  in  dispute 
until  it  is  carefully  investigated  by  competent  men,  and  all  possible 
sources  of  error  are  guarded  against. 

Faradic  Afitjesihesia. — The  benumbing  effects  of  the  faradic  current 
on  the  nerves  may  be  utilized  for  the  production  of  local  anaesthesia. 
(See  ElectrO'Physioiogy,)  It  is  only  indicated  for  slight  or  at  least 
short  operations,  such  as  the  oiiening  of  abscesses,  felons,  buboes,  the 
'extraction  of  foreign  bodies  and  of  teeth. 

For  opening  abscesses  a  strong  faradic  current  should  be  directed 
through  the  parts  as  the  incision  is  made.  The  relief  thus  afforded  is 
slight,  but  is  positive,  and  is  not  unworthy  of  a  trial. 

Faradic  aniesthesia  has  been  chiefly  used  in  the  extraction  of  teeth, 
where  it  is  certainly  of  some  service.  The  patient  places  his  foot  in  a 
metaliic  slipper,  or  on  a  plate,  or  holds  an  electrode  in  the  hand,  while 
the  circuit  is  completed  as  soon  as  the  forceps  of  the  dentist,  which  is 
connected  with  the  battery,  seizes  the  tooth.  It  is  well  to  connect  the 
forceps  with  the  negative  pole,  because  it  is  the  stronger. 

The  contractions  produced  by  the  passage  of  the  current  are  certainly 
disagreeable^  for  a  current  of  considerable  strength  is  required,  but  the 
pain  of  the  extraction  is  less  severely  felt  than  it  would  be  when  made 
unaccompanied  by  the  current. 

This  method  of  producing  local  anaesthesia  was  at  one  time  somewhat 
popular  among  dentists,  but  partly  on  account  of  the  fact  that  it  is  al 
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best  an  imperfect  method  of  preventing  the  pain  of  the  operation,  parti; 
on  account  of  the  mechanical  difficulties  in  the  way  of  its  employment, 
and  partly,  also,  on  account  of  the  popularization  of  nitrous  oxide,  i* 
has  fallen  into  disuse. 

Faradic  anaesthesia  may  be  utilized  for  the  relief  of  the  irritation 
caused  by  the  application  of  caustics  to  the  larynx,  eye,  or  uterus. 

Dr.  A.  Tripier,*  of  Paris,  has  recently  advanced  the  theory  that  faradic 
anaesthesia  is  explained  by  the  interference  of  the  different  impressions 
that  are  made  on  the  nerve.  The  impression  made  by  the  faradic  cur- 
rent first  reaches  the  cerebral  centre,  and  neutralizes,  or,  at  least, 
diminishes,  the  impression  made  at  the  same  time  by  any  other  irritat- 
ing influence.  This  theory  seems  to  us  sensible  and  just.  Dr.  Tripier 
further  recommends  a  return  to  the  practice  of  faradic  anaesthesia  for 
slight  operations. 

HydrO'EUctrization, — Dr.  Beard  has  devised  a  method  of  apply- 
ing electricity  by  means  of  a  continuous  stream  or  jet  of  water  flowing 
from  a  metallic  tube — or  one  that  has  a  metallic  orifice — connected 
with  one  pole,  while  the  body  of  the  patient  is  in  any  convenient  way 
connected  with  the  other.  A  jet  or  stream  of  water,  so  long  as  it  is 
not  broken  into  spray,  will  conduct  the  current  from  one-eighth  of  an 
inch  to  one  or  two  inches  from  the  orifice,  according  to  the  size  of  the 
stream,  to  any  part  where  it  may  be  applied.  Contractions  of  muscUsy 
and  all  the  effects  of  ordinary  localized  electrization^  may  be  thus  pro* 
duced. 

This  method  of  electrization  is  adopted  for  those  localities  where,  on 
account  of  .the  natural  sensitiveness,  or  from  the  nature  of  the  cliscaKC, 
ordinary  e'ectrodes,  by  their  mechanical  irritation,  cause  iinbortrftblf! 
pain,  or  where,  for  anatomical  reasons,  they  cannot  bo  appliiMl. 

For  supplying  a  continuous  stream  of  water  we  \i»o  an  cu<linrti y  wtill 
rubber  bag,  which  is  filled  with  water  in  the  usual  w.iy,  by  fun!  i  nin 
pressing  the  sides  and  exhausting  the  air.  Conn(!(:t(Ml  wifli  tlii^  U\^  \v». 
use  silver  tubes  of  various  shapes  and  sizes,  providnl  with  niiMill  llmnib 
screws  for  making  the  connection  with  the  balti-iy,  (iti<l  .  iili*  i  iMoiilnl^il 
or  non-insulated,  according  to  the  S|>ccial  \}\\x\nm^  nt  hftml 

The  various  douches  that  are  used  for  tlir  i«viii.  p  x\  iIm^  ImiU  »m.»v 
be  utilized  for  the  same  purpose,  providrd  M^  /*,t//f.*  /^r/v.  r#'.  iHrf* 
wilh  spirals  of  wire,  to  keep  up  the  connntioM  ol  tSp  ,hHr^^,  ,**  *^i 
tubes  are  composed  of  metal  and  insuiaffd. 

On  tiiis  principle,  and  in  order  to  mrrt  tlm  feAiMu  ihihipiiilh  .♦Mm 
dications  for  which  ordinary  clcUfi/;itioM  U  «  m»|i1hvi..1.  «i|«|<lli  .illmi..  »»».»> 
•Archives  of  ElccaroK^^yifjiJ  Nr.ir.,|.,j/y      Mny,  |h/|,  (.    «hh 


740        HYDRO-ELECTRIZATION— ELECTRO-MEDICATION* 

be  made  to  the  external  auditory  canal^  and,  in  cases  of  rupture  oi 
ulceration  of  the  meiubrana  tynipani,  to  the  middle  ear^  by  a  straight, 
insulated  tube,  or  by  the  ear  douche ;  to  the  conjunctiva  by  a  single 
tube  or  by  the  ear-douche ;  to  the  nasal  passages  by  the  nasal  douche 
or  metallic  posterior  nasal  syringe ;  to  \X\q  pharynx  and  nasopharyngeai 
space  by  a  properly  curved  tube ;  to  the  stomach  by  tlie  stomach-douche, 
such  as  has  recently  been  used  by  Ploss,  of  Leipsic>  or  by  the  stomach- 
pump  ;  to  tlie  bladder  by  the  bladder-douche ;  to  the  vagina  and  as  by 
the  vaginal  douche ;  and  to  the  cainty  of  the  uterus  by  the  uterine 
douche;  to  tlie  cavities  of  opened  abscesses  ;  to  stumps  that  are  slow  to 
heah  and  finally  to  all  irritable  ulcers^  wherever  situated. 

Either  the  galvanic  or  the  faradic  current  maybe  used,  and  tlie  watef 
nuiy  be  pure  or  variously  medicated.  Warm  water  conducts  better  than 
cold,  and  is  therefore  preferable,  except  for  those  cases  where  the  tonic 
effects  of  cold  are  indicated.  The  conducting  power  of  the  water  is 
also  increased  by  the  addition  of  conunon  salt,  and  various  medidiml 
substances  which  are  ordinarily  used  for  the  treatment  of  the  conditions 
for  which  hydro-electrization  is  mdicated,  and  may,  therefore,  be  propei 
ly  combined  with  it.  Potter's  hydro-\herapeutic  contrivances  are  very 
convenient  for  the  purposes  of  hydro-electrization. 

EUctro-Medication, — Long  ago  it  was  contended  by  Fabr^-Palaprat, 
Orioli,  and  Vergn^s  that  medical  substances  could  be  introduced  into 
the  body  by  means  of  tlie  galvanic  current,  but  by  Remak,  Rosenthal, 
Tripier,  and  others  their  statements  have  been  disaedited.  From  our 
experiments  it  would  seem  that  atropine  might  be  introduced  into  the 
system  by  means  of  the  faradic  current  in  sufficient  quantities  to  slight- 
ly affect  the  pupil 

Recently  Beer,  of  Vienna,  and  Von  Bruns*  have  succeeded  inint 
ducing  iodine  into  the  dead  and  living  subject,  by  means  of  the  elec 
trolysis  of  iodide  of  potassium.  For  this  purpose  they  have  used  a  glass 
tube,  containing  a  solution  of  iodide  of  potassium  (  i  to  i,  or  i  to  2), 
tightly  corked  at  one  end,  and  at  the  other  co\*ered  with  cloth  or  a 
piece  of  bladder,  and  connected  through  the  cork  with  the  negative 
pole  of  the  galvanic  current  by  a  piece  of  platinum.  The  t)Osiltve 
electrode  may  be  of  a  similar  construction,  or  an  ordinary  sponge  elec- 
trode, 

t  If  by  this  arrangement  an  application  be  made  through  the  fecc — an 
electrode  being  placed  on  each  cheek — for  a  few  minutes,  traces  ol 
iodine  can  be  detected  in  the  saliva.     A  good   test  for  iodine  is  disui^ 

*  Dte  Galvano-Chimrgie  odei  die  Galvanokaustik  iind  Elek trolysis  bei  chirui  gisclMi 
KrAnkbetten.     TubmgeD,  1S70,  p.  133  ei  stq^ 
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phide  of  carbon^  which  will  detect  one  part  in  1,000,000  par-s  of  water 
by  the  purple-red  color  which  it  produces.  Another  test  is  glycerine^ 
which,  mingled  with  iodine  and  electrolyzed,  gives  a  dark-blue  or  black 
line.  The  electrolytic  introduction  of  iodine  has  been  used  in  gland- 
ular  swellings  (as  goitre),  effusions  in  the  joints,  periostitis,  and  with 
asserted  success,  after  simple  galvanization  has  failed.  We  have  ex- 
perimented in  this  direction  considerably  without  arriving  at  any  con- 
clusive results. 

The  difficulty  in  all  therapeutical  experiments  is  that  we  are  using 
simultane9usly  two  remedies,  iodine  and  electricity,  both  of  which  are 
separately  efficacious  in  producing  absorption. 

Fodalgia. — ^There  are  certain  obscure  painful  affections  of  the  feet 
that  appear  to  be  sometimes  of  a  nervous  character — ^a  kind  of  hyper- 
esthesia— and  sometimes  appear  to  depend  on  actual  injury  of  the 
bones  or  tendons.  The  former  class — of  which  we  have  seen  several 
cases — are  really  medical  cases,  and  are  to  be  treated  by  central  and 
local  galvanization.  The  latter  are  surgical  cases  and  aie  to  be  treated 
by  local  applications. 


GLOSSARY. 


£xplat:aiion  of  the  terms  used  in  Electro-Therapeutics  (Medical  and  Snrj^ 
cal),  including  also  many  of  the  terms  of  Electro- PHYSICS  tf«i/ Electro- Physi- 
ology. 

With  the  progress  of  the  study  of  Electricity  in  its  relations  to  Physics,  Physi- 
ology, Practical  Medicine,  and  Surgery,  there  has  arisen  a  new  and  extensive  termi* 
oology. 

The  terms  used,  especially  in  Electro-Therapeutics  and  Electro- Physiology,  have 
been  introduced  by  different  observers,  in  various  countries,  and  in  different  lan- 
guages, and  are  all  necessarily  based  on  an  incomplete  knowledge  of  the  mysterious 
force  whose  phenomena  and  manifold  relations  they  aim  to  describe.  It  was  inevita- 
ble that  a  nomenclature  devised  under  such  circumstances  should  be  more  or  lesj 
inaccurate  and  confused.  This  inaccuracy  and  confusion  have  been  still  further 
increased  by  the  carelessness  of  writers,  who  have  misunderstood  and  misapplied 
these  terms,  and  greatly  perverted  them  from  their  original  meaning.  It  would  be 
difficult  to  find  any  two  authors  who  entirely  agree  in  their  use  of  terms,  even  of 
those  which  are  most  frequent  and  most  important ;  and  readers  who  are  not  thor- 
oughly familiar  with  all  branches  of  the  subject  in  the  various  languages,  and  with 
the  incorrect  as  well  as  the  correct  phraseology,  are  constantly  bewildered. 

It  is  believed,  therefore,  that  a  list  of  the  words  and  phrases  employed  by  writers 
on  Electricity,  which  should  present  their  original  and  derived  meanings  in  their 
various  combinations,  with  their  correct  and  incorrect  synonyms,  would  be  of  service 
not  only  to  those  who  consult  this  volume,  but  to  all  who  occupy  themselves  with 
the  department  of  Electro -Therapeutics. 

The  need  foi  such  a  list  is  rendered  the  more  imperative  from  the  fact  that  man? 
of  the  terms  it  includes  cannot  be  found  in  the  most  recent  dictionaries. 

The  terms  which  we  have  ourselves  introduced,  or  to  which  we  have  given  a  new 
combination  or  attached  a  peculiar  signification,  are  designated  by  a  star  (•).  The 
figures  refer  to  the  pages  in  the  present  work  where  the  terms  to  which  they  refici  iff 
nplained. 


744 


GLOSSARY. 


Amalcamatiok.  To  ootipotmd  mercury  (quicV«i)ver)  vn^  another  meinl.  fn  Etectro  Phy«ic»,  iht 
tcrtn  U  u&ucUIy  applkd  to  the  cov«rmg  of  tHe  linC  ptatev  »n*h  mcrairy,  by  Unt  pouring  ovi?r  Uictp 
an  acid  solution  and  then  difipiitf  ihem  in  mercury,  or  pi,Miiing  it  over  tlictn, 

ANRijiCTKOToN'os,  The  phaw  of  4immuhf4  Irrftadi/ity  which  appe«jn  at  the  ptnitive  pole  whrp  a 
nerv*:  is  in  the  ckctrotonic  condition 

AmMAL    El^CTRiriTV 

Anions.    Tn  rlectrolyftit  the  electro-pouttve  sub«tanc««  dial  go  to  ihc  cathode  (Faraday) 

AkodC  (am,  upiirard,  and  «i6f,  way}*    Whrr^  the  currertt  eoiers,  called  aUo/dtn/mror  rtf//^*'  i 

(Faraday). 
Aktozokb 
ArrARATUf^,    A  contrivance  or  combinatiQn  for  a  certain  purpofe  :  of^en  uied  «yTiunynio«»ly  ^\iSk 

machiMt  or  battery.     Strictly,  however,  apparatus  i«  applied  only  to  ihe  mare  aimple  ctminTancc^^ 

and  machine  to  ihe  more  complex. 
AnAtA-nntKai.     Bars  or  kfefers,  which,  when  ptaced  in  contact  with  ihe  pole  of  a  magiiet,  prcKj^e  ia 

magnetiaDL, 
AfOEKtirNC.    From  periphery  toward  the  centre,  applied  citpeci^dly  to  the  ncnraos  i 
Battkhv  CcniHMKT  (»ee  Galvanic  Current), 
llATTftaY.  EutcmiC  (ur  gEdvanic)^    A  xwritt  of  Leyden  J^rs.  or  <roore  Ireqtienlly)  eelU,  conn 

together.    The  term  is  applied,  however,  to  a  lin^e  cell,  and  inoorrcctiy  aho  to  a  machine  < 

apparatus. 
BntrND  EuiCTliiaTV.    Electricity  in  the  Leyden  jar. 
Catalysis  t««Ta,  and  Aww^,  from  A«i«,  to  diHengA^).    The  abtoiptioit,  and  the  accemp«inytnf  trrnm* 

fcrcnt«  of  liquids  cnu«Md  by  the  chemical  action  of  the  g,dvanic  ctmrent  (Remalc^    It  i&  a  ittrt  ai»d 

result  of  e)ectn»lysis. 
Catalytic;.    Pertaining  to  catalysis. 
CAT>fLBCTH<jT0N05.    *I'lie  pha«  of  intcrttufd  irriti^hitity  which  appean  at  the  nejplive  pole  w^ert  a 

nerve  it  in  the  elcctrotonic  condition 
Catkodr  (jrafa.  downward,  and  oAoc,  vrayj.    Where  the  current  paisea  ottt;  Galled  also  mrjr^tsm* 

or  x/wr  /^t 
Cations,     tn  electrolysis,  the  electrohnegative  sub^tancet  that  go  ED  the  anode  (Faraday) 
Gkll  (sec  Element). 

CeKTKAI-   GAtVAKtXATION  * 

CmMrCAL  GALVANO-CAVTltRV  (sce  t  kctTOlysis), 

CitauNoscoPiE  AKii  CHKONOcaAtii  (xpcit'frc,  time,  aind  crcoireir,  to  ohserve).     Instruments  £or  i 

ing  and  recording  the  velocity  of  the  ner^-ous  force,  electricity,  etc 
CiKciJi  Galvanic 

CLO<i|\'G  CoNTKAcriONK.    Contractions  produced  at  the  dosing  of  the  citcuiL 
Coefct*tT»VH  FORCB 
CoTL  iNtiircTioN.     Rolls  of  wine  in  which  the  current  i*  induced  by  the  alternate  opening  and  i 

of  the  circuit,  ns  RhumkorfT*  coil  (see  Induction). 
Commutator.    An  armngement  Ibr  reversing  the  current. 

Cov DENSER.    An  apparatus  for  condensing  ft  large  quantity  of  dectridly  on  a  smalt  surface. 
CoKUUCTixc  WiRKS,    Th«  wires  that  conduct  the  electricity  fn^m  the  machine  to  the  electrodea. 
CoNtMJCTTViTV  (or  conductibility ).    ITrai  property  by  which  a  body  condocts  electricity. 
CowDUtrro*.    That  which  conductn  clec&idty.     Sometimes  used  for  fUctrtnfr. 
CoKSTA.sT  CltRREj<T.    Thc  galvanic  current  froin  elements  with  two  liquids.    The  conftant  batterici 

that  are  best  known  are  ttiOAc  of  Daniell,  Grove,  and   lJun«en  and  their  modiftcations  (p.  a6). 

Applied  atso  to  thc  in/vamc  current  in  general,  and  used  synonymouftly  with  coitttnm^Mi,     It  i« 

tometlmes  prefixed  to  galvanic  current  (coostaot  gal^nuiic}  in  the  teiiac  of  mMiMitrrw/if^  faee 

Gahr»nic  Currenil. 
D>f*Til«vot;s.    Constantly  Howing  in  one  direction,  tomettmes  uicd  to  the  same  tenae  as  <atttI»tMt  ot 

gnhHtnic,     Strictly,  it  i^houLI  be  applied  to  the  uninterrupted  galvanic  current,  since  the  faradiC 
•      ctirrent  is  always  intemiptcd  (see  Galvanic  Current). 
0>N~rwuous  Et^BCTRUATiow.*    This  term  might  appropriately  be  applied  to  lh«  protracted  appticap 

tions  made  by  galvanic  disks,  belts,  ch.nins,  poultices,  etc^  i*orn  on  the  body. 
C&^fTltAC^lLITy,  ELECTito-MitsriTLAH.     That  property'  of  muscles  that  causes  them  tX)  contract.  wh«» 

acted  upon  by  the  electric  current     It  is  to  be  distinguished  from  imtabitity,  which  if  includes 

ttecrro-miiscular  irritability  may  exin  m  mu«:ks  that  have  wholly  loaf  thdr^ 

iractilat^   (see  [rritabiUiy}, 
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Copm  Polk  (sec  Positive  Pole). 

''hjKKKNT  Chakcek  (scc  Cunent  Rercraer). 

Current,  Elsctric.    The  continuous  discharge  of  electricity  that  results  from  diemcal  action,  %u^ 

for  example,  as  takes  place  in  any  oixlinary  galvanic  cell. 
Current  Imckeaskr.  ♦    A  contrivance  for  increasing  the  strength  of  the  current  witkami  bremkim^  tAs 

circuit.    A  form  of  rheostat. 
Current  of  the  Pile  (see  Galvanic  Current). 
Current  Rbvbrser.    An  arrangement  for  reversmg  tne  current 

Current  Selector.    A  contrivance  for  bringing  any  desired  number  of  elements  into  the  circuit. 
Cylinder  Machine.    A  form  of  machine  for  generating  statical  electricity. 
Decijnombter.    An  instrument  for  measuring  magnetic  declination.    The  mariner's  com^sM  is  ■ 

declinometer. 
Density.    Compactness.    The  density  of  a  current,  other  conditions  being  the  same,  is  in  proportion 

to  the  small  ness  of  the  electrodes. 
Descending.    From  the  centre  toward  the  periphery. 
Diamacnetism.    That  property  of  bodies  by  which  they  manifest  the  same  magnetic  phenomena  ai 

iron 
Dielectric.    A  medium  through  which  induction  is  propagated. 
Diplegic  Contractions 
DiioLAR  Arrangement 

Dipping  Nkedi.e.    A  needle  for  measuring  the  magnetic  dip. 

Direct  Current  (see  Descending  current),  also  used  iox  galvanic  airrent  (see  Galvanic  Current) 
Diskct  Electrization 

Dry  (or  cutaneous)  Faradization.    Faradization  with  dry  electrodes 
Dynamical  Electricity 

Electric  (electrical).    Pertaining  to,  derived  from,  or  containing  electricity. 
Electrics.    Those  substances  which,  when  held  in  the  hand  and  rubbed,  become  electric. 
Electric  Bath 

Electric  (or  metallic)  Brush.    A  wire  brush  used  as  electrode. 
Electric  (or  galvanic)  Disks 

Electric  Hand.    The  hand  used  as  an  electrode  b  electrization. 
EiJccTRic  Moxa 

EiJfCTRic  Points  •  (see  Motor  Points). 
Electrician.    One  who  studies  electricity  in  \Xs  physical  relations,  as  in  telegraphy  :  oftentimes  used 

erroneously  for  electro-therapeutist. 
Electrioty  (»iA«KTpoF,  amber) 
ELECTRinr.     This  term  is  usually  applied  to  the  use  of  statical  electricity,  and  is  therefore  synonyraouf 

with  franklinization.     It  is  used  sometimes  synonymously  with  electrize. 
Electrization.    The  act  of  electrizing,    llie  term  includes  faradization,  galvanization,  and  franklini- 
zation, or  the  application  of  statical  electricity. 

For  the  sake  of  uniformity,  and  in  order  to  preserve  the  distinction  bet>veen  the  different  method! 

of  application,  electrization  has  in  this  work  usually  been  preferred  to  the  periphrastic  expression 

—the  use  of  electricity. 
Electrize.    To  affect  by  electricity. 
Electro- ANiCSTHEsi  A.*    The  production  of  local  anaesthesia  by  the  application  of  electricity.    The 

faradic  current  is  used  for  this  purpose  (on  faradic  anaesthesia). 
Electro-Chemical.     Pertaining  to  electro-chemistry. 
Electro-Chemical  Bath 

Electro-Chemistry.    Electricity  in  its  relations  to  chemistry,  of  which  electrolysis  is  a  branch. 
Electrode  (i^AexTpov  and  63^,  way).    The  way  by  which  the  positive  and  negative  electriddes 

emerge.    The  positive  pole  is  connected  vrith  the  negative  metal  of  the  element,  and  the  negatirc 

pole  is  connected  with  the  positive  metal. 
Electro-Diagnosis.    The  use  of  electricity  as  a  means  of  diagnosticating  disease  (p.  a68),  called 

also  electro-pathology, 
Eukctro-Dynamics.    The  phenomena  of  electricity  in  notion.    Especially  applied  to  the  materia 

attractions  and  repulsions  of  currents  on  currents,  and  currents  on  magnets. 
Electrology.*    Electricity  in  its  relations  to  Physics,  Physiology,  Pathuk>gy,  and  Therapeiitin 

medical  and  surgical. 
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Klkctrolocist.*  One  who  is  versed  in  electricity  in  itt  rebtknu  to  Physics,  Physiology,  PatSwlogy, 
and  Therapeutics,  'lliat  is,  Electro-Physics,  Electro-Physiology,  Electro-Patbology  (Electxo-Di 
agnosis),  and  Electro-Therapeutics  (Electro-Medidne  and  Electro-Surgery). 

Electrolysis  (^Aexrpov  and  At^to— through  Auo-tc,  disengaging).  The  act  or  process  of  deoomposini 
a  compound  substance  by  electricity. 

Electrolyte.    A  substance  which  is  susceptible  of  electrolysis. 

Electrolytic    Pertaining  to  electrolysis. 

Electrolyzb.    To  decompose  a  compound  substance  by  the  action  of  dectridty. 

Electrolyzation.    llie  act  of  electrolysing. 

Electro-Magnet.  A  bar  of  soft  iron  which,  under  the  influenoe  of  die  galTank  ciarrent»  beoooM 
magnetic. 

Elbctro-Magnbtism.    The  phenomena  of  magnetism  produced  by  an  dectric  current. 

Electro-Medicine.    Electricity  in  its  relations  to  medicine. 

Electro-Medical.    Pertaining  to  electro-medicine. 

Electro-Medication.*  The  introduction  of  medicines  into  the  body  fay  means  of  dectridl] 
(p.  740). 

ELECTROMBTEii,    An  instrument  for  measuring  the  charge  of  a  battery. 

ElECTRO-MO'i  IVB  FORCE 

Electro-motor.    The  metals  that  generate  an  electric  current 
Electro-Otiatrics.    I1ie  electro-physiology  or  electro-therapeutin  of  the  ear. 
Electro-Pathology  (see  Electro-Diagnosis). 
V^'incTROPHORUS.    A  Contrivance  for  collecting  electricity  by  inducnon. 

'fiLECTROPHORUS  MACHINE 

Electro-Physics.*    Electricity  in  its  physical  relatbns. 

Electro-Physiognomy  • 

Electro-Physiology 

Eleci  »vO-Physiological  Anatomy.* 

Electro-Physiologist.    One  who  studies  electricity  in  its  physiological  relations. 

Electro-Puncti;rb.    The  application  of  electricity  (galvanic,  fsradic^  or  finmklinic)   by  nfdki 

introduced  beneath  the  surface. 
Electroscope.    An  instrument  for  detecting  the  presence  of  statical  electricity. 
Electro-Sensibiuty.*    Sensibility  of  the  body  to  electricity. 
Electro-Surgery.     The  use  of  electricity,  of  any  form,  or  by  any  method  of  application  in  swgi- 

cal  diseases.     It  includes  galvaiuy-xurgery. 
Electro-Susceitibility.*    Susceptible  to  electricity,  including  farado-susceptibiltty  and  galvano- 

susceptibility. 
Elrctro-Thkrapeutical  Anatomy  • 
Electro-Thekahkutics.    The  use  of  electridty  of  all  forms  to  the  treatment  of  disease.     The  tenn 

includes  both  medical  and  surgical  electricity  (electro-surgery) ;  also  gyUzHtno-tAera/eutics  and 

£tt  iva  no-  su  rgfry. 
Electro-Therapeutist.     One  who  studies  electricity  in  its  Therapeutical  vl^z.ViO^^.%,     Electro-then- 

peutists  are  frequently  and  erroneously  called  Electricians  (see  Electrician). 
Electrotonic.     Pertaining  to  or  derived  from  clcctrotonos. 
Electrotonos.     The  modification  which  a  nerve-current  undergoes  when  acted  upon  by  the  galvaaic 

current 
Electro-Vital.     Pertaining  to  animal  electricity,  which  is  dependent  on  rf/a/ processes. 
Element  (couple,  or  pair,  or  cell),  Galvanic  or  Voltaic.    Two  heterogeneous  metals  immersed  in 

acid  solution.    Thus  we  have  Smec's,  Grove's,  Hunscn's,  and  DanielPs  Elements,  called  also  1 

battery^  although  strictly  a  battery  means  a  series  of  elements. 
Extra  Current.     The  current  which  is  induced  by  any  coil  of  wire  on  the  adjacent  coils  of  the  saoM 

wire 
Extra-polar.    Not  included  in  the  intra-polar  region  between  the  poles 
Faradic  (Faraday)  current.    The  induced  current  (p.  51).    The  term  is  applied  both  to  the  electro 

magnetic  ^x\^  magneto-electric  currents,  since  they  were  both  discovered  by  Faraday.     CaQe^ 

2\^Q  secondary f  interrupted^  induced,  inductive,  to  and  fro^  indirect^  electr9-fmt^n€tic^  aik 

magnete-electric.     In  this  work  the  term  faradic  has  been  uniformly  adhered  to. 
Faradism.    The  phenomena  of  the  faradic  current     Sometimes  used  iox  faradization, 
Fak  AD!ZE.    To  afTect  by  application  of  the  faradic  current. 
Farauuat;on.     AfTscting  by  application  of  the  fnradic  current.       According  to  our  highest  autbofil; 
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ki  die  onfaoeraphy  of  diis  department  of  tenninobcsr—lir.  ¥rillbm  Wheekr-^nirfaf— fww,  •• 
dernred  frtm  Faraday,  would  be  more  consistent  with  analosy  than  fiuadiatioo.  Tlw  latter  nod* 
of  spelHnc  the  word  has  the  twofold  adTantage  that  it  has  been  long  used  and  as  the  waan  simple, 
and  aocwdingly  we  have  retained  it  in  this  work  and  in  all  our  recent  wiiliags.) 

FAJtAzx>-coNTSAcnLmr.    Contractility  under  the  &radic  curreat 

Fakaix>-El8Ctkolyzation.*    The  simultaneous  use  of  faradiation  and  dectrolyxatioo. 

Fasaoo-tunctukb.    Electro-puncture  widi  the  fiuadic  curreat.  not  modi  used. 

FAKAXx>-5USCBrTiBiLmr.*    Susceptibility  to  die  Faradic  cunent. 

Frankunic.    Pertaining  to  statical  electricity. 

Fkamkunism  (Fkankun).    The  phenomena  of  statical  electricity. 

Franklinization.    The  application  of  statical  electricity. 

rucTioNAZ.  ELRCTKJcmr.  Electricity  generated  by  firictioQ.  It  is  one  form  of  statical  electricity, 
^idkich  is  the  wider  term,  including  dectridty  generated  by  pressure  or  cleavage ;  but  die  terms 
are  used  synonymously. 

GAltamic  Apparatus.    Apparatus  for  generating  and  ftimishing  the  galvanic  current. 

Galvanic  Bslt 

Galvanic  Chain 

Galvanic  Okcls.  Two  metals  in  a  liquid — the  galvanic  dement,  pair  or  odl  im  mcH^m  b  caDed  alse 
a  ctrcuit  or  eJkauu  A  circle  inay  be  ttm^ig^-oac  cell  or  pair ;  or  cvm^^mmd  several  Joined  to- 
gether. 4 

Galvanic  Current.  A  current  j^enerated  by  chemical  action  and  coming  directly  from  the  ceQ,  pile^ 
or  battery  in  which  it  is  generated  :  distinguished  from  the  faradic  current,  that  1%  induced  on  a 
coil  of  wires :  called  also  coHtiHttous^  consioMi,  direct^  ^rimarj^  cwrretU  o/tk» ^U^  hatttry  cmr 
rent^  and  voltaic  current. 

Galvanic  (or  Electric)  Disks 

Galvanic  Pair  (see  E'ement). 

Galvanic  Pessaries  (intra>uterine) 

Galvanic  Poultices 

Galvanism.  The  science  which  treats  of  electricity  that  arises  from  chemical  action ;  called  also  tW 
taic  or  dynamical  electricity  or  voltaism.  Physicists  are  of  late  inclined  to  prefer  the  terms  derived 
from  Volta ;  Physiologists  and  Physicians  generally  employ  the  terms  derived  from  Galvani. 

Galvanization      Affecting  by  application  of  the  galvanic  cxurent. 

Galvanize.  To  affect  by  application  of  the  galvanic  ctirrent,  erroneously  applied  to  all  forms  ol 
electrization. 

Galvanist.    One  who  uses  galvanism  (Utde  used). 

Galvano-caustic  (see  Galvano-cautery). 

Galvano-cauterism.     The  application  of  the  galvano^autery  (see  Galvano-cauterisation) 

Galvano-cauterization.  The  act  of  burning  or  searing  by  a  non-conducting-wire^  heated  by  the 
galvanic  currenL 

Oalvano-cautrrv.  Cauterization  by  a  resisting  wire  (usually  platinum),  heated  by  die  galvanic  cur> 
rent ;  called  also  galvano-caustic  or  galoano-cansty 

Galvano-<x>ntractiutv.    Contractility  under  the  galvanic  current. 

Galvano-faradization.*    The  timultantous  application  of  the  galvanic  and  faradic  currents. 

Galvanometer  (or  multiplier).  An  instrument  for  determining  the  presence  and  direction  and  measur* 
tng  the  strength  of  a  current  It  is  frequendy  used  by  dectro-therapeutists  in  order  to  ascertain 
the  dose  of  the  gal\-aiuc  current  that  they  are  giving.  It  is,  however,  only  an  approximaldy  oor^ 
rect  guide 

Galvano-puncture.    Electro-puncture  ^-ith  the  galvanic  current 

Galvanoscopr.  An  instrument  for  indicating  the/rfx^»^/of  dynamical  dectridty  widiout  determia* 
ing  its  amount 

Galvano-surcery.    The  application  of  the  galvanic  current  to  surgery,  a  part  of  dectro-suig«ry. 

Galvano-susceptibiuty.*    Susceptibility  to  the  galvanic  current. 

Galvano-therapbutics.  The  application  of  the /v>/paM«c  current  to  therapeutics,  a  partof  diLClia 
therapeutics. 

General  Electrization  * 

General  Faradization.*    General  dectrizadon  wid>  the  fisradic  current 

Gbmkral  Galvanization.*    General  dectrization  vrith  the  galvanic  current 

HiOJX.    The  coil  of  wires  of  the  dectro-magnetic  aj^taratus 

Hvoko-Elbci  sization.*    The  application  of  dectridty  by  means  of  water  as  an  dectzoda 


748  GLOSSARY. 

[nckkasing  Cukxbiit.*    An  appUcation  in  which  die  strength  of  the  current  b  gnduaHy  i 
without  breaking  the  current,  called  also  twellimg  cutrrtnt, 

Indirbct  Elbctrization 

Induced  (or  Induction,  or  Inducdve)  Current.     As  usually  understood,  the  current  which  is  i 

in  a  coil  of  wires  from  another  coQ  through  which  the  current  passes.  Currents  may*  however,  be 
induced  in  any  metallic  conductor  from  any  other  metallic  conductor  that  is  traversed  by  the  «iieo> 
trie  current,  or  from  powerful  magnets,  or  from  the  magnetic  action  of  the  earth. 

biDuaNG  Current.    The  current  that  gives  rise  to  an  induced  current. 

Induction 

Inductive  (see  Induced  Current). 

Intensity.    Strength  of  currents  erroneously  used  for  tension. 

Insulator  (or  Isolator).    A  bad  conductor  of  electricity. 

Insulated.    Placed  on  non-conducting  supports,  or  covered  with  some  non-conducting;  substanoe. 

Interrupted  Current.  Broken,  intermitted.  The  faradic  current  is  necessarily  interrupted  by  tbs 
apparatus  that  generates  it.    The  galvanic  current  may  be  either  continuous  or  interrupted. 

Intra-pglar.    Between  the  poles 

Ions.    The  constituents  into  which  the  electrolyte  is  decomposed 

Irritabiuty.    That  property  of  organized  substances  that  causes  them  to  respond  to  stimuIL 

Irritabiuty,  Electro-Muscular.  The  property  of  muscular  fibre  that  causes  it  to  be  esctted  is 
movement  by  the  electric  current  Electro-muscular  irritability»may  exist  without  electro-mosculai 
contractility ;  that  is,  the  muscles  may  quiver  or  be  spasmodically  excited  by  even  a  mild  cmreot, 
even  when  they  fail  to  contract  under  a  very  powerful  current. 

Irritabiuty,  Primary,  Secondary,  and  'I^ertiary.  Degrees  of  irritability  that  are  observed  during 
a  stance  of  galvanization 

Labile  Current  (or  application).  An  application  in  which  one  or  both  of  die  electrodes  is  saovcd  oi 
gUded  over  the  surface. 

Lbydbn  Jar.    A  glass  botUe  partially  coated  with  tinfoil,  for  condensing  statical  electricity. 

Local  Electrization.  Application  of  electricity  to  some  part  or  organ,  as  distinguished  fnm  gen- 
eral electrization,  in  which  the  appUcadon  is  made  all  over  the  body.  Local  is  practically  synony> 
mous  vrith  localized  electrization,  although,  stricdy  speaking,  localized  implies  that  the  direct 
action  of  the  current  is  confined  to  the  part  to  which  the  application  is  made,  while  local  does  not 
suggest  any  such  meaning.  According  to  this  distinction,  electrization  may  be  local  without 
being  necessarily  localized.  For  the  sake  of  uniformity,  the  term  localized  has  been  generally  ad- 
hered to  throughout  this  work,  to  distinguish  all  local  applications  of  electricity  (see  Localised 
Electrization). 

LoCAUZED  Electrization  (p.  351)  (sec  Local  Electrization). 

Machine  (Electric  or  Electrical).  Any  mechanical  contrivance  that  generates  any  form  of  electricity : 
also  called  electric  apparatus^  but  stricdy  is  more  complex  than  apparatus.  Thus,  foi  example, 
we  have  Holu's  machine  for  statical  electricity  ;  Kidder's  machine  for  the  galvanic  and  fuadk 
currents,  etc. 

Magnetism.    The  power  which  certain  bodies  possess  of  attractwg  iron. 

Magnktization.     The  act  of  magnetizing. 

Magnhto-Elkctricity.  The  current  induced  by  a  magnet,  as  in  the  magneto-electric  or  rotary  iqipara- 
ttts.     It  is  one  form  of  the  faradic  current,  of  which  the  electro-magnetic  is  the  other 

Magnetometer.     An  instrument  for  measuring  magnetic  declination. 

Magnets.     Substances  that  have  the  property  of  attracting  iron. 

Molecules.    The  minute  particles  01  which  bodies  are  composed 

Motor  Points.  Points  on  the  body  where  the  nerves  and  muscles  most  readily  respond  to  electraa- 
tion  :  more  specific  than  electric  points,  which  is  a  general  term,  and  includes  all  forms  of  reaction  ic 
the  electric  current. 

Multiplier.  An  instrument  for  multiplying  or  increasing  a  force — as  heat  or  electricity.  The  tena  i> 
applied  both  to  i^t-gixlvanometer  and  thermo-multiplier 

Negative  Mouificatio.v 

Negative  Pole.  Where  the  ciurcnt  passes  out ;  called  also  zinc-pole  or  cathode.  The  current  is  iri 
stronger  at  the  negative  than  at  the  positive  pole. 

Negative  Variation 

Nerve-Muscle  Current 

Opening  Contractions.     Contractions  produced  at  ihe  opening  of  the  circuiL 

Ozone 
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PASAMAGMsnsif .    Tliat  property  of  lodiet  by  whidi  they  manifest  magnetic  phenomena  opposite  and 

corresponding  to  iron 
PsupHSKAL  Elbctrization.    Electrixatioo  of  the  periphery. 
Pkkip(»jui  Abxancbmbnt 

PlLS>LXICB  AkRAMGEMBNT 

Platuium  (or  Platina)  (firom  Spanish  platina,  silver).    A  metal  used  in  electrical  researd:ea. 

Pucxus-Nksvb  Currknt 

PoLAB.    Relating  to  die  poles. 

PoLAiuTY  OF  £lectbicity.  That  property  of  dectridty  by  which  peculiar  phenomena  of  the  positive  and 
negative  are  exfatbited  at  certain  poinbi  (p.  a?).  Polarity  of  anerveis  that  condition  of  a  nerve  bf 
which  one  part  is  eidiibiting  a  positively  and  the  odier  a  n^atively  dectric  state. 

PMjuiuablb.    Susceptible  of  polarization. 

PcttARiZATioN.    The  act  of  giving  polarity  to  a  body  in  batteries 

Pouut  Mkthod.  The  method  of  application  by  which  the  distinctive  and  differential  action  of  eadi  pole  ti 
obtained,  by  placing  one  pole  over  the  part  to  be  afiected  and  the  other  in  some  indifierent  point : 
called  also  unipolar. 

PoLARizB.    To  communicate  polarity  ta 

PoLASiziNG.    Giving  polarity  ta 

PoLARizi  NG  CuRRSNT.    The  cuTTcnt  that  produces  die  electrotonic  condition. 

POLBS.  Pomts  where  magnetism  is  concentrated,  or  where  the  dectric  current  passes  in  or  out  The 
terms /0«»V/x>#  and  negadve  are  rdative,  not  absolute,  since  their  posidon  varies  with  the  rdativt 
position  of  the  electrodes. 

PosrnvB  Modification 

PosiTi VB  PoLX.    Where  the  current  enters,  called  also  copper  poU  or  anoeU 

Primary  Currkkt  or  Inducing  Currbnt.  The  current  that  passes  through  the  inner  coil  of  wire  in  a 
helix,  and  that  induces  a  current  on  the  coil  that  surrounds  it  (p.  6a).  Used  erroneously  as  synony- 
mous with  galvanic  or  constant  current. 

Pbotractbd  Amplications.*  Applications  that  are  made  for  a  very  long  time.  Applications  of  gal< 
vanic  belts,  disks,  and  poultices  are  protracted. 

QuAUTV  OF  A  Current,  as  distinguished  from  quandty  and  intensity,  refers  to  its  smoothness  or  harsh- 
ness, or  to  the  rapidity  or  slowness  of  interrupdon. 

Quantity 

Elbctric  Rbaction.  The  phenomeiui  developed  by  any  part  of  the  body  under  the  influence  of 
electricity. 

Rbaction  (Galvanic).  (See  Electric  Reaction.) 

Rbophorb.     An  Electrode. 

Rbsistancb.  The  opposite  of  conducdvity.  That  property  of  bodies  that  makes  them  resistor  oppose 
the  passage  of  the  current 

Rkvbrsb  Currbnt    (see  Ascending  Current). 

Rhbocord.    An  instrument  for  controlling  the  fluctuations  of  the  current. 

Rhbomotor    (see  Electromotor}. 

Rhbotomb  (p^m  riikviv^  to  cut).    A  current  breaker 

Rkbostatb 

Rotary  Machinb.    Magneto-electric  machines,  in  which  die  induced  electricity  is  generated  by  turn* 

ing  a  crank. 
Sbcondary  Current.    The  fiuadk  current,  called  also  the  intorrupudy  indmccd^  inductivt  cUctrp- 
magnetic^  faradic^  etc. 

Sbnsibility,  Electro-Muscular.  The  peculiar  subjecdve  sensation  whidi  is  experienced  by  the  con- 
traction of  a  muscle  under  the  dectric  current. 

Smock.  A  sudden  single  discharge  of  dectricity,  such  as  is  given  firom  a  Leyden  jar,  or  apparatus  fix 
stadcal  electricity. 

Spark,  Electric.  The  spark  that  attends  die  discharge  of  electridty  on  the  passage  of  the  curreal 
fixnn  one  conductor  to  another. 

^Spinal-Cord  Current 

Spinal-Cord  Muscle  Current 

Sfinal-Cord  Nerve  Current 

Spinal-Cord  Plexus  Current 

Spinal-Cord  Root  Current    . 

Stable  Currbnt  (or  application).     An  application  in  which  both  electrodes  are  kept  in  a  himA 
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Abbreviations  in  Electro-therapeutics,  260 

Acute  diseases,  650,  628 

Adenitis,  715 

Addison's  disease,  637 

Adjustable  electrode,  321 

After-<^ects  of  electrical  treatment,  394 

Acne,  509 

Rosacea,  510 
Aeue,  637 

Aldini^s  researches  in  Animal  Electricity,  91 
Alopecia,  515 
Alcoholism,  chronic,  651 
Amalgamation  of  zinc,  35 
Amaurosis,  586 
Amblyopia,  586 
Amcnorrhcea,  529 

Prognosis  m,  534 

Cases  of,  53^ 
Ampere's  theory  of  Magnetism,  51 
Anaesthesia,  446 

Tactile  sensibility  in,  446 

Farado  sensibility  in,  446 

Electro-diagnosis,  448 

Prognosis.  449 

Treatment,  448 

Cases  of,  449 
Anzsthesia,  cutaneous,  509 
Anaesthesia,  electro,  no 
Anaesthesia,  hysterical,  450 
Anatomy,  electro-physiological,  153 
Anatomy,  electro-thereapcuticaJ,  383 
Anelectrotonos,  loi 
Anelectrotonos,  theory  of,  103 
Angioma ta,  686 
Aneurism,  716 
Aneurism,  statistics  of,  treated  by  electricity,  717 

Cases  of,  718 
An^na  pectoris,  6x6 
Am,  prolapsus,  570 
Animal  electricity,  87 

History  of  its  discovery,  90 

Aldini's  researches,  91 

Humboldt's  researches,  90 

Du  Bois-Reymond's  researches,  91 

Nobili's  researches,  91 

Matteucci's  researches,  91 

Apparatus  for  studying,  94 
Anosmia,  645 

Cases  of,  646 
Apparatus  for  electro-therapeutics,  291 
Antozone,  650 
Aphonia,  571 

Prognosis,  575 

Treatment  ofi  573 

Cases  of,  576 
Applications  of  electricity,  care  in  details,  040 

Time  of  day  for,  343 

Time  0^  943 


Applications,  Frequency  of,  344 

Prolonged,  345 

Combination  of  methods,  346 
Armatures,  magnetic,  6 
Artificial  magnets,  3 
Arthritis  nodosa,  488 
Artificial  respiration,  6ia 
Ascites,  644 
Aspermatism,  563 
Asphyxia,  613 
Asthenopia,  584 
Asthma,  496 
Astraphobia,  415 
Ataxia,  locomotor,  474 
Atrophy,  progressive  muscular,  476 

Cases  of,  479 
Auditory  nerve,  galvanization  of,  133 

Reaction  of,  503 

Normal  formula  of,  131 

Changes  of  reaction  in,  599 

Hyperaesthesia  of,  592 

Anaesthesia  of,  593 

Bacteria,  action  of  electricity  on,  194 
Baths,  electric,  395 
Baths,  electro-chemical,  737 
Batteries,  (galvanic,  30 

Wollaston's,  38 

Daniell's,  3a 

Grove's,  33 

Bunsen's  34 

Thermo-electric,  63 

Farmer's  thermo-electric,  64 

Cabinet,  309 

European,  326 

Becker- Muirhead,  328 

Marine,  39 

Callan's  iron-zinc,  38 

Gas,  31 

Polanzation  in,  30 

Double-cell  constant,  33 

Bunsen's  bichromate,  35 

Walker's  single-cell,  35 

Smce's,  36 

Leclanch^'s,  37 

Water,  39 
Bed-sores,  726 
Belts  and  chains,  445 

Pulvermacher's,  445 

Gal\-anic,  445 
Benign  tumors,  666 
Bioscopy,  electro,  281 
Bladder,  diseases  of,  566 

Paralysis  of,  568 

Dissolution  of  calculi,  733 
Blepharospasm,  586 
Blood,  action  of  electricity  on,  164 
Branch  currents,  39 
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Klectricity.  action  of  on  the  nerves  of  special  sense, 

138 

On  motor  and  sensory  nerves,   and 

volunury  muscles,  141 
On  involuntary  muscles,  158 

Effects  of  on  nutrition.  176 

Mechanical,  physical,  chemical,  and  physio- 
logical effects  of,  176 

Effects  on  secretion  and  excretion,  185 
Absorption,  188 

Reflex  effects  of,  188 

In  plants  and  fruits,  194 

General  therapeutical  action  of,  217 

Dose  of,  236 

Cumulative  action  of,  351 

Its  use  by  the  laity,  259 

Fishes  89 
Electric  machines,  12 
Elcctri.'  light,  28 

Haths.  W5 

Effects  of,  397 

General  rules  for  givinfr,  398 

Moxa,  332 

Explorer  or  probe,  734 

Disks,  445 
Elfrctrical  emiosmosis.  179 
Electrization,  localized,  331 

Histi)r>'  of,  207 

Rationale  of,  221 

Instruments  for.  331 

With  moistened  electrodes,  333 

Details  of  application  of,  3  \$ 

Of  plexuses,  nerves,  and  muscles,  34X 

Effects  of,  343 

In  its  relations  to  other  forms  of  treatment,  258 

Direct  and  indirect,  333 
Eiertro-anrcsthesia,  1 10 
Electro <:hemical  baths,  737 
Electro-bioscopy,  281 

Electro-comluctivity  of  the  human  body,  t68 
Electro-di.agnosis,  268 
Electro- sensibility,  269 
Electro-muscular  contractility,  148 

Sensibility,  148 
Electro-dynamical  induction,  51 
Electro-magnetic  helix,  53 

Machines,  57 
Electro-magnetism,  51 
Electrodes,  319 

Metallic,  323 

Un|><)larizable,  325 

Moistened,  electrization  with,  33a 

Krass  ball,  320 

Foot  plate,  347 

Uterine,  531 

Intra-utenne,  531 

Recliil,  523 

Double  uterine,  531 

Vaginal,  531 

Catheter,  563 

Double  vesical,  567 

Adjustable,  321 

Care  of,  ^26 

Polarization  of,  31 

Universiil  handle  for,  319 

Long  sponge,  320 

Hard  rubber  handle,  320 

Duchenne's,  319 

Stationary,  321 

Spinal,  323 

Current  reverser,  324 
Electromagnet  in  extraction  of  foreign  bodies,  736 

Negative.  98 
Electro-medication,  740 
Electro-motive  force,  66 
Electro-muscular  sensibility,  148-273 
Electro-physics,  x 
Electrometer,  Thompson's  quadrant,  16 


Electro-pathology,  368 
Electro-physiology,  87 
Electro-physiognomy.  153 
Electro-physiological  anatomy,  153 
Electro-surgery,  655 

History  of,  655 
Electro- therapeutics,  history  of,  198 

App.iratus  for,  291 

Causes  of  failure  in,  374 
Electro-therapeutical  anatomy,  383 
Electrolysis,  definition  of,  45 

History  of,  45 

Terminology  of,  45 

Laws  of,  46 

Theory  of,  49 

Its  nature  and  general  methods,  661 

Needles  for.  666 

Of  living  and  dead  tissue.  180 

Of  the  base,  method  of  operating  by,  668 

Apparatus  for,  663 

Conductor  for,  664 
Electro  lyzing  the  base,  667 
Electn)phorus,  15 

Electrophorus  machine,  Holtz's,  13 
Electroscope,  gold  leaf,  15 
Electrotonos,  definition  oU  99 

M(»lecular  theory  of,  99 

Of  muscle,  103 

In  the  living  man,  104 

Practical  bearing  of  its  laws,  104 
Elephantiasis,  514 

Elements  electrical  relations  of  die,  34 
Endosmosis,  electrical,  179 
Erectile  tumors,  686 
Epithelioma,  702 
Epilepsy,  500 

Cases  of,  500 
Epileptiform  neural^a,  434 

Cases  of,  435 
Exhaustion,  nervous,  404 
Exophthalmic  goitre,  620 
Extra  current,  56 
Extra-uterine  pregnancy,  605 
Eye,  diseases  of,  581 

Paralysis  of  the  muscles  of,  583 

Electrization  of,  581 

Prognosis  in  paralysis  of  the  muscles  of,  58a 

Asthenopia,  584 

Amblyopia  and  amaurosis,  586 

Lid,  spasm  of,  586 
Eyelid,  cases  of  spasm  of,  587 
Eye,  opacities  of  the  cornea,  587 

Ptosis,  588 

Mydriasis  and  myosis,  388 

Neuro-retinitis,  588 

Strabismus,  588 

Opacities,  vitreous  humor,  587 

Photophobia,  587 

Cauract,  589 

Facial  neuralgia,  434 

Cases  of,  435 
Facial  paralysis,  467 

Cases  of,  468 
Facial  spasm,  497 

Treatment  of,  497 
Farad.  66 

Faradic  current,  effects  of,  107 
Paradic  anarsthesia,  738 
Faradic  and  galvanic  currents,  comparative  value 

of,  261 
Faradization,  era  of,  207 

Galvano.  266 

Dry  or  cutaneous,  33a 
Faradization,  general,  347 

History  of,  211 

Apparatus  for,  350 

Effects  of,  364 
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Faradization,  rationale  of,  370 
Farado-sensibility,  2b8 

Degrees  of,  288 
/  As  compared  with  galvano-sensibility,  290 

Farmer's  thermo-electric  battery,  64 
Fatty  tumors,  701 
Feigned  diseases,  316 
Ferrier,  researches  of,  112 
Fevers,  650 

Convalescence  from,  650 
Fever,  intermittent,  637 

Fischer  on  electrization  of  the  sympathetic,  127 
Fishes,  electric,  89 
Fistula,  726 
Flatulence,  527 
Fibroids,  698 
Force,  electro-motive,  66 
Fothergiirs  disease,  434 
Foveaux's  battery,  328 
Franklinization,  390 
Franklinic  electricity,  action  of,  107 

Era  of,  199 
Fritsch,  researches  of,  112 
Franklinization,  methods  of,  393 

Apparatus  for,  393 
Frictional  electricity,  8 
Frost-bite,  729 
Furuncles,  729 


GAiFrkf  battery  of,  327 

Galvani's  researches,  43 

Galvanic  batteries,  30 

Galvanic  current,  effects  of,  109 

Galvanic  and  farad ic  currents,  comparative  value 

of,  261 
Galvanic  belts  '%nd  disks,  445 

Circuits,  compound,  28 

Circuits,  homogeneity  o<i  23 
Galvanism,  19 

Early  history  of,  42 

Era  of,  203 
GalvanLeation,  central,  376 

History  of,  214 

Of  the  head,  315 

Of  the  sympathetic,  336 

Of  the  pnciunogaslric,  337 

Of  the  spine.  338 
GaIvano-cautcr>',  history  of,  673 

Apparatus  for,  673 

Uses  of,  681 

Advantages  of.  681 

Advantages  of,  over  the  actual  cautcr>',  673 

BurnefN  and  cutting-loops  for,  678 

Rules  for  the  use  of,  68a 

Adaptation  to  various  departments,  683 

Byrne's.  674 
Galvano-taratlic  Mfg.  Co.,  302 
Galvanic  apparatus.  Drescher's,  313 

Meyer  and  Mcltzer's,  327 
Galvano-puncturc  in  sciatica,  442 
Galvanometer,  40,  313 

Thomson's  reflcctintj,  41 
Galvano-tonic  contractions,  145 
Galvanoscopes,  3x3 
Gas  batteries,  31 
Galvano-faradization,  266 
Galvanometer,  astatic,  41 
Gangrene,  729 
General  faradization,  347 

History'  of.  2 1 1 

Length  of  applications,  361 

Application  to  spine,  356  I 

Details  of  its  application  to  different  parts  ' 
of  the  body,  352  | 

Applications  to  the  neck  and  throat,  353         1 

Applications  to  the  head,  353 
General  galvano-faradization,  354  | 


General  faradization,  applications  to  the  upper  ex- 
tremities, 356 

Applications  to  the  lungs  and  heart,  357 

Applications  to  the  liver,  spleen,  and  bowels. 
357 

Applications  to  the  stomach,  357 

Applications  to  the  female  genitals.  358 

Applications  to  the  lower  extremities,  358 

Effects  of,  364 

Rationale  of,  370 

Persistence  in  treatment,  361 
General  and  localized  faradization,  differential  ii> 

dications  for  the  use  oC  372 
General  therapeutical  action  of  electricity,  217 
Genito-urinary  organs,  diseases  of,  559 

Treatment  of,  559 

Electro-diagnosis,  561 
Gleet.  568 

Glosso-laryngeal  paralysis,  464 
Glottis,  spasm  of,  577 
Goitre,  691,  621 
Gonorrhcca,  568  •  - 
Gout,  483 

Case  of,  488 

Rlieumatic,  488 

Treatment  of,  488 
Graves*  disease,  620 
Grove's  battery,  33 

Gustatory  nerve,  action  of  electricity  on,  139 
Hairs,  removal  of,  by  electrolysis,  5x6 
Hall's  faradic  machine,  301 

Twenty -cell  battery,  3x5 
Hay-fever,  650 
Haematocele.  729 
Haemorrhoids,  570 
Hand  as  an  electrode.  36a 
Head,  galvanization  of,  335 
Headache,  430 

Prognosis,  430 

Cases,  431 
Heart,  galvanization  of,  x6o 

Diseases  of,  615 

Palpitation  of,  6x5 

Cases  of,  615 
Helix,  52 
Hemiplegia,  463 

Cases,  463 
Hemorrhage,  post  partum,  604 
Herpes  zosier.  511 

Front.ilis  seu  ophthalmicus  511 
Hernia,  733 
Hiccough,  498 
Hip-jnint,  733 

History  of  central  g.nlvanization,  214 
History  of  elcctro-iiierapciitics,  198 

General  faradizati<»n,  211 
Hitzig,  researches  of.  112 

Humboldt's  re>earches  in  animal  electricity,  90 
Hydatids  of  liver  treated  by  electrolysis,  6g^ 
Hydrocele,  730 
Hydro-elcctn/ation,  739 
Hydrophobia,  498 
Hydrostat  30? 
Hypochondriasis,  402 

'I'reatment,  403 

Cases,  403 
Hysteria  and  allied  affections,  399 

Electro-diagnosis,  399 

Treatment,  399 

Prognosis.  400 

Cases  of,  400 
Hysterical  paralysis,  455 
Hysterical  anaesthesia,  450 
Hysterical  deafness,  599 

Ileus,  523 
Impotence.  560 

Causation,  56  x 
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Impotence,  electro-diagnoMS,  561 

TresAtment  of,  561 

Cases  oC  563 
Incontinence  of  unnc,  551 
Induced  currents,  dtfierent  orJei^  of,  54 

Properties  of.  60 
Induction  of  a  current  on  itself,  56 
Induction,  statical,  zo 
Induction  coils,  57 

Differential  indications  for  the  use  of,  993 

Magnetic,  5 

Electro-dynamical,  51 

History  of,  62 
Infantile  paralysis,  55a 

Examination  of  muscles.  553 

Early  symptoms,  552 

Electro-diagnosis,  554 

Treatment,  555 

Prognosis.  555 

Cases.  556 
Insanity.  416 

Cases'  of,  418 
Infantum,  cholera,  551 

Interrupuons,  slow,  comparative  value  of,  330 
Insomnia.  413 

Treatment,  413 

Case  ot,  414 
Intensity  r>s.  quantity,  68 
Intra-uterine  electrode,  531 
Intermittent  fever,  637 
Irritation,  spinal,  408 
Isolation,  633 

Involuntary  muscles,  action  of  electricity  on.  158 
Irritability,  restoration  of,  103 

Degrees  of,  136 

How  long  retained  after  death,  141 
Iris,  action  of  electricity  on,  158 
Invagination,  523 

Jar,  Leyden,  x6 
Jaundice,  521 

Keratitis,  587 

Kidder's  faradic  apparatus,  cut  of,  295 
Galvanic  apparatus.  303 
For  galvano-cautery,  675 
Rules  for  the  use  and  care  of,  297 

Lactkal  secretion,  deficient,  604 
LaOynXf  diseases  of,  571 
Laryngismus  stridulus,  577 
Larynx,  external  electrization  of,  571 

Anaesthesia  of,  580 

Hyperaesthesia  of^  579 
Lead  palsy,  453 
Leclanch^  s  battery,  37 
Leucorrhoea,  539 
Leyden  ^at,  x6 

History  of,  17 
I.«ucoderma,  514 
Lichen,  509 

Localization  absolute  of  electricity,  impossible,  345 
Light,  electric,  28 
Liver,  cirrhosis,  643 
Lightning,  fear  of,  4x5 
Lipomata,  701 
Localized  faradization,  history  of,  307 

Galvanization,  history  of,  309 

Electrization,  331 

Instruments  for,  331 

Details  of  application  of.  335  . 

Effects  of,  343 
Loodtzed  and  general  faradization,  differential  in- 
dications for  the  use  of^  37a 
Locomotor  ataxy.  474 

Electro-diagnosis,  475 

Treatment  476 

Pn«noBi>,475 


Locomotor  ataxy,  cases  of,  477 
Lungs,  discaiics  ot,  61U 

Machink,  electric,  Holtz's,  13 

Elcctn>-magnetic,  57 
Magnet,  (Iruening's,  731 
Magnets,  ariificiaT,  3,  431 

Shape  of,  6 

Polarity  of,  3 
Magnetic  armature,  6 

Induction,  5 
Magnetism,  2 

Coulomb's,  theory  of,  4 

Of  rotation,  62 

Of  broken  magnets,  4    • 

Electro,  51 

Ampere's  theory  of,  51 

In  headache,  431 
Magnetization,  6 
Magneto-electricity,  60 

Electric  machines,  301 
Malignant  tumors.  686 
Marasmus,  550 
Maritime  battery,  39 

Matteucci's  researches  in  animal  electricity,  91 
Melanoderma,  514 
Meyer  and  Mcltzer's  apparatus.  337 
Mammary  gland,  diseases  of,  604 
Melancholia,  402 
Menorrhagia,  529 
Midwifery,  602 
Migraine,  433 
Miiliampcremeter,  330 
Milk,  deficient  secretion  of.  604 

Treated  by  electricity,  605 
Mi.scellaneous  medical  di.seases,  637 

Intermittent  fever.  637 

Addison's  disease,  637 

Suppression  of  urine,  640 

I)ial>etes,  641 

Dropsical  effusions,  644 

B right's  disease,  644 

Catarrh,  644 

Anosmia,  645 

Odontalgia,  647 

Hay  fever,  650 

Obesity,  651 

Cirrhosis,  643 
Morbus  coxarius,  733 
Motor  points  of  muscles,  283 

Nerves,  action  of  electricity  on,  14 1 
Mother's  marks,  686 
Moxa,  electric,  332 

Multiple  clement  battery,  llyme's,  674 
Muscle,  elecirotonos  of,  103 
Muscular  atrophy,  progresssive,  478 
Muscular  contractions.  497 
Muscular  rheumatism,  486 

Treatment.  486 

Cases  of,  487 
Myal^a,  486 

Mydriasis  and  myosis,  588 
Myosis  and  mydriasis,  588 
Myo-sderotic  paralyses,  progressive,  483 

Naturk  of  electricity.  2 
Njbvi  treated  by  electrolysis,  687 
Neck,  applications  to,  353 
Needles  for  electrolysis,  664 

Method  of  introducing  for  electrolysis,  667 
Negative  modification,  103 

Variation  of  the  muscular  current,  xo3 
Nerves,  electrizatim  of,  34  x 
J^ferx-e  muscle  current,  34X 
Nervous  exhaustion,  404 

Cough,  578 

Dyspepsia,  517 
Neurasthenia,  404 

vs.  anxmia,  404 
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Neurasthenia,  treatment,  404 

Prognosis,  405 

Cases,  405 
Neuralgia,  433 

Klcctro-diagno&is,  435 

Treatment,  425 

Prognosi:*,  427 

Intercostal,  428 

Central,  430 

Cephalalgia,  430 

Facial,  434 

Kpileptitbrni,  434 

Spinal  irritation,  408 

Peripheral,  437 

Gaslralgia,  438 

Sciiitica,  441 

Angina  pectoris,  616 

Galvanic  helts  and  disks  in,  445 

Cases  of  facial,  434 

Keflex,  444 
Ncuro-retinitis,  siSS 
Neutral  Une,  3 

Point,  102 
Nipples,  sore,  605 
Nipple  shield,  galvanic,  605 
Nobili's  researches  in  animal  electricity,  91 
Nutrition,  effects  of  electricity  on,  176 

Obesity,  651 

Odontalgia.  647 

CEdema,  682 

Olsophagus,  stricture  of,  725 

Ohm's  law,  65 

Opium  poisoning,  paralysis  from,  454 

Ophthalmoscopic  examination  of  the  retina  in  gid- 

vanization  ot  sympathetic,  124 
Optic  nerve,  action  of  the  galvanic  current  on,  128 
Orchitis,  569 

Case  of,  569 
Ovaries,  irritation  and  congestion  ot  543 
Ovarian  tumors,  701 
Ozone,  647 

Physiological  and   therapeutical  effects  of, 

Ozonization,  galvano,  727 

Oxygen,  ozonized,  647  1 

Ozonized  oxygen,  647 

(Icncnil  properties  of,  648 

Paralysis,  45.*  ' 

Accessories  to  electrical  treatment  of,  461 

Time  of  hcinnning  treatment  in,  461 

Classificuiion,  453 

Rheumatic,  452 

Lead. 455  I 

Syphilitu-,  453 

From  opium  poisoning.  454 

Hysterical.  455 

Central,  458 

GlosM>-pliarynKcal,  464 

Spinal  sclerosic,  474  I 

Infantile.  552  1 

Peripheral  4^)7 

Facial.  467 

From  i)ressurc,  470  I 

Reflex.  472  ! 

Cnloritic.  472  I 

Pro.^re-.'iive  myo-sclerosic,  48^ 

A^ilans,  404  _  I 

Pain  of  <aii(..er.  relief  of,  by  galvanization.  7x4  | 

P.ilsy,  shakinc.  494 
Paraplei;ia,  4('/} 

Flectrri-tliagnosis,  466  | 

Treatment,  4(6 

Proi;ni)sis.  467 
Paresis  of  nniscles  of  eye,  582  | 

Of  Ma.ldcr,  568  I 

Partial  currents,  29  | 


Pathology,  electro.  268 

Pathophobia,  402 

Pe>saries  intra-uterine.  galvanic,  543 

Petit  mal,  500 

Pectoris,  angina,  616 

PfluegePs  law  of  contraction,  104 

Photophobia,  587 

Physiognomy,  electro,  X53 

Physiology',  electro,  87 

Pile,  voltaic,  30 

Dry,  40 
Piles,  570 

Plexus  nerve  current,  34X 
Pneuinogastric,  galvanization  oC  337 

Action  of  electricity  on,  116 
Poles,  how  to  distinguish,  307 
Podalgia,  741 

Potential  of  the  electric  current,  68 
Polarity  of  the  circuit,  23 
Polarity  of  magnets,  3 

Of  electricity,  27 
Polarization  of  electrodes,  31 
Post-partum  hemorrhage,  604 
Polypi,  702 

Positive  modification,  103 
Pott's  disease,  7^2 

Primary  coil,  object  of  the  iron  core  in.  57 
Primary  and  secondary  coils,  differential  action  cd, 

Probe,  electric,  734 

Pityriasis,  510 

Progressive  muscular  atrophy.  478 

Electro-diagnosis,  478 

Treatment,  478 

Case  of,  479 

Muscular  hypertrophy,  48a 

Myo-bclerosic  paralysis,  48a 
Prolapsus  uteri,  542 

Ani,  570 
Prostate,  enlargement  of,  569 
Prurigo,  508 
PsoriaMs,  510 
Pseudo  h\\>'  rtrophic  paralysis,  482 

artl.rosJs,  732 
Ptosis,  588 

Qi  ALU  ATiVE  changes,  297 
(Juantitali\e  changes,  297 
(Ju.intily  of  the  electric  current.  74 

Absolute  and  actual,  74 
Quadrant  electrometer,  Thoii.pson's,  16 

Raijci-u  FK,  Dr.  C,  H.,  views  of  animal  electricity. 

Rt  action  of  degeneration,  297 

Rectum,  scirrhus  of.  710 

Kestorativc   effect   of   electrization   on    voluntary 

mu>cles,  is8 
Remak  and  Duchcnne,  225 
Reflex  eOects  of  tleclricily,  200 
Remak's  galvanic  apparatus.  329 
Resistance,  ta 

Kfl'ccts  f  f  tcm]>erature  on,  83 
Rectum,  diseases  of,  6a8 
Reflex  neiit:il>:i.i.  444 

Paralysis,  472 
Regursitation.  526 

Resuscitation  of  new-born  children,  614 
Respiration,  artificial.  664 
Retina,  ophthalmoscfjpic  examinations  of,  dur  r.g 

galvani/ation  of  sympathetic.  124 
Rheostat  of  Mayer  and  Wolff,  317 

Hydro.  317 
Rhcotomc.  56 
Rheumatic  paralysis,  45a 

Coot.  4F8 

Treatment.  488 
RheuTnaiism,  483 
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Rheostat,  43 

Rhinitis.  644 

Ringworm,  513 

Rotation,  magnetism  of,  69 

Rosacea,  acne,  5x0 

Ruhmkorff's  coil,  58 

Rubber  covers  for  conducting  wires,  325 

Sciatica,  cases  of,  441 

Scirrhus,  702 

Sclerosis,  spinal,  474 

Sea- sickness  527 

Secondary  and  primary  coils,  differential  action  of, 

144 
Scleroderma,  513 

Sensory  nerves,  action  of  electricity  on,  141 
Seminal  emissions,  559 
Sensibility,  electro-muscular,  148,  272 
Sequelx  of  acute  diseases,  628 

Ccrebro-spinal  meningitis,  630 
-  Diphtheria,  628 

Typho-malarial  fever,  632 

Sunstroke,  633 
Shaking  palsy,  494 
Shape  of  magnets,  6 

Shortening  of  muscles  during  a  contraction.  146 
Siemens-Meidinger  battery,  328 
Siemens  rheostat,  317 
Single  coil  and   separate  coil  faradic  machines, 

293 
Sick  headache,  433 

Case  of,  433 
Singultus,  498 
Sinuses,  726 
Skin,  diseases  of,  501 

Treatment  of,  502 

Eczema,  505 

Prurigo,  508 

Lichen,  509 

Anaesthesia,  509 

Acne,  509 

Rosacea,  510 

Psoriasis,  510 

Pityriasis,  510 

Herpes,  511 

Ringworm.  513 

Scleroderma,  5x3 

Chromatogenous  diseases,  514 

I>eucoderma,  5x4 

Melanoderma,  514 

Elephantiasis,  514 

Alopecia,  515 
Smee's  b.Tttery.  36 
Solenoids  52 
Spark,  electric,  14 
Spasmodic  stricture,  794 
Spasms  of  the  eyelid,  587 

Facial,  ^97 
Spasmus  glottidis,  577 
Spasmodic  diseases,  490 
Spermatorrhcea,  559 
.Sphincter,  paralysis  of,  570 
Sphymograph,  experiments  with,  125 
Spinal  congestion,  421 

Case  of,  422 

Cord,  direct  electrization  of,  1x4 

Current,  341 

Root  current,  341 

Cord,  plexus  current,  341 

Nerve  current,  341 

Muscle  current,  34X 

Curvature,  739 
Spinal  irritation.  408 

Differential  diagnosis,  408 

Pathology,  409 

Treatment,  4x0 

Prognosis,  4x0 

Cases  of^  4x0 


I  Spinal  sderosic  paralysis  474 
Spine,  galvanization  of,  338 
Spondylitis  732 
Sprains  731 
Stainmenng,  499 
Statical  electricity,  8,  390 

Induction,  xo 

Era  of.  X99 

Use  of,  390 
Stohrer,  apparatus  of,  397 
Stohrer's  zmc-carbon  Mittery,  328 
Stomach,  action  of  electricity  on,  X58 
Strabismus  588 
Strain,  731 
Stricture  of  the  urethra,  721 

Cases  of,  722 

Of  the  oesophagus  7^5 
I  Spasmodic,  724 

Stumps  after  ampuution,  729 
Suggestions  in  regard  to  tne  therapeutical  uses  of 

electricity,  226 
Sympathetic,  action  of  electricity  on  cranial  por- 
tion of,  1x8 

Nerve,  action  of  electricity  on,  xx6 

Galvanization  of.  336 

Action  of  electricity  on  the  cephalic,  thoracic 
and  abdominal  ganglia  of^  1x9 
Sunstroke,  633 
Suppression  of  urine,  640 
Surgery,  electro.  655 

History  of,  655 
Synovitis,  729 

Case  of,  729 
Syphilis,  569 

Talipes,  733 

Temperature  of  electrodes  and   operating-room, 
242 

Increase  of,  after  electrization,  149 
Tension  of  the  electric  airrcnt,  68 
Tetanus,  498 
Thermo-electricity,  63 

Electric  batteries  63 
Thomas  on  extra-uterine  pregnancy,  605 
Thomson's  quadrant  electrometer,  x6 
Throat,  applications  to,  in  general  faradization, 

Tic-douloureux,  434 
Tinnitus  aurium,  597 

Galvanization  of  sympathetic  in,  598 
Tonics,  definition  of,  218 
Tonic  effects  of  electricity,  218 

In  general  faradization,  364 
Toothache,  647 
Torticollis  492^ 

Diagnosis  of,  ^99 

Electric  examination  of,  493 

Treatment  of,  493 

Prognosis,  493 

Cases  of,  493 
Trowbridge,  experiments  of,  95 
Trocar.  Duchenne's,  552 

Noeggcrath's  552 
Tschiriew,  on  cutaneous  excitability,  ixx 
Tubercula  quadrigemina,  direct  electrization  o^ 

«24 

Tumors,  removal  of  by  galvano-cauter>%  683 

Non-malignant,  626 

Erectile,  626 

Mali^ant.  686 

Cystic,  693 

Fatty,  70  X 

Ovarian,  70  x 
Typho-malarial  fever,  stquelc  of,  63a 

Ulcers,  726 
Unit,  65 
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Unpolarizable  electrodes,  395 
Ununited  fracture,  73a 
Urethra,  strictures  of,  721 

Ca&es  of,  72a 

Hyperaesthesia  of,  561 
Urethritis,  chronic,  568 
Urine,  incontinence  of,  551 

Suppression  of,  640 
Uterine  electrode,  531 
Uterus,  faradization  oC  530 

Diseases  of,  prognosis  in,  529 

Enlargements  of,  54a 

Prolapsus,  54a 

Anteflexion  o^  543 

Retroflexion  of^  543 

Retroversion  of^  542 

Anteversion  of,  54a 

Amputation  of  neck  of,  by  galvano-cautery, 
684 

Congestion  of,  54a 

Displacement  of^  543 

Atrophy  of.  541 

Fibroids  of,  698 
Uteri  prolapsus,  cases  of,  543 


Vaginal  electrode.  533 

Varicose  veins,  716 

Veins,  varicose,  716 

Vjtreous  humor,  opacities  of,  587 

Viscera,  abdominal,  localized  electrization  o£^  518 

Volia  constructs  the  voltaic  pile,  30 

Volta's  researches,  43 

Voltaic  pile,  30 

Voluntary  muscles,  action  of  electricity  on,  141 

Vomiting,  526,  551 

Volu  meter,  40 

Walker's  single  cell  ^c-carbon  battery,  35 

Wart's,  733 

Water  rheostat,  3x7 

Wesley,  Mr.,  201 

Wires,  conducting,  rubber  cover  for,  335 

Whooping-cough,  551 

Wollaston's  battery,  38 

Women,  diseases  of,  539 

Writer's  cramp,  490 

Wry  neck,  492 

Zincs,  how  to  amalgamate,  36 
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